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I. CALL TO ORDER AND INTRODUCTORY REMARKS. 

Dr. McGarrity, Chair, called the meeting of the Recombinant DNA 
Advisory Committee (RAC) of the National Institutes of Health 
(NIH) to order at 9:00 a.m., June 3, 1988. He said the meeting 
was called pursuant to a Federal Register notice which, being 30 
or more days prior to today's date, met requirements of the NIH 
Guidelines for Research Involving Recombinant DNA Molecules. He 
stated that the meeting would remain open to the public for its 
entirety, and that he expected the meeting to conclude within one 
day. 

Dr. MCGarrity asked Dr. Gartland if a quorum was present and 
Dr. Gartland assured the Chair that a quorum was in attendance. 

Dr. McGarrity noted that he intended to make every effort to 
abide by the distributed agenda with respect to time estimates 
for each item of business. He reminded the committee that in 
recognizing persons for comments he would use the following 
order: primary and secondary reviewers on each item as set forth 
in the agenda; other members of RAe; ad hoc consultants to the 
RAC; NIH staff members; members of the-public who had submitted 
written comments; and finally, other members of the public. He 
underlined that RAe was advisory to the Director of NIH; and in 
light of this, persons with minority opinions should voice them 
so as to provide Dr. Wyngaarden with the entire spectrum of 
opinions on a given topic. Dr. McGarrity then told the committee 
that in all voting he would call first for the affirmative, then 
for the negative, and finally for abstentions. He underlined 
that if any voting member felt compelled to abstain due to 
conflict of interest, that such member should notify the Chair so 
that the record could duly reflect such. 

Dr. McGarrity then made note of Mailings I and II which were sent 
to members prior to the meeting. He also noted that some 
recently received materials were supplied at the table for each 
member. Further, he said because of a scheduling conflict Item 
Number IX would be taken out of order and discussed immediately 
following the luncheon recess. 

Dr. McGarrity welcomed the following new members present at. their 
first meeting: Dr. Ronald Atlas, Mr. Michael Brewer, Dr. James 
Childress, Dr. Martin Gellert, Mr. Brian Mannix, Mr. Robert 
McCreery, Dr. Scott McIvor, Dr. Richard Mulligan, Dr. Robert 
Murray and Dr. Monica Riley. 

As Dr. McGarrity was technically a new member, he introduced 
himself to the committee and thanked his predecessors, in 
particular Ray Thornton, Kenneth Burns, and Robert Mitchell for 
their advice since his recent appointment as Chair. He said he 
was honored and privileged to serve as Chairman of such a 
distinguished group. He said he had served as both a member and 
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ad hoc consultant in the past and he underlined the "blendingH 

brought about by Dr. Fredrickson's decision to appoint lay 
members to the committee, which has added broad-based viewpoints 
and perspectives to the workings of the committee and added 
greatly to the success of the group. 

Dr. McGarrity then introduced Dr. Susan Gottesman, Mr. Robert 
Lanman, and Dr. Robert McKinney, who were the ad hoc consultants 
to the committee for this meeting. 

Dr. McGarrity called upon Mr. Carner to present the minutes of 
the meeting of September 21, 1987. 

II. APPROVAL OF THE MINUTES OF THE FEBRUARY 2, 1987, MEETING. 

Mr. Carner said he had no additions or corrections to the 
minutes. However, Dr. Johnson said he felt the wording on page 
16 of the minutes should be clarified to meet the intention of 
the comment which was that the NIH counsel be a part of the 
working group, rather than any request by Dr. Johnson that he 
himself be on the working group. 

Dr. Korwek said portions of the minutes on page 9 needed to be 
reworded concerning the NIH Guidelines and the National 
Environmental Policy Act (NEPAl and that he would speak with 
staff about such changes to simply clarify his intent. 

There being no other additions, deletions or alterations, Dr. 
MCGarrity called for approval of the minutes by voice vote which 
was unanimous. 

Dr. McGarrity called on Dr. Cohen as primary reviewer to discuss 
Item Number III, the proposed amendments of the NIH Guidelines 
regarding transgenic animals~ 

III. PROPOSED AMENDMENTS OF NIH GUIDELINES REGARDING TRANSGENIC 
ANIMALS (tabs 1310/IV, 1321, and 1322). 

Dr. Cohen said the Working Group on Transgenic Animals had met on 
March 28, 1988, and discussed two basic issues: 

1~ whether the NIH Guidelines for Research Involving 
Recombinant DNA Molecules should be revised 
regarding coverage of transgenic animals: and, 

2. containment guidelines for experiments involving 
the introduction of recombinant DNA into the 
genome of animals, particularly introduction of 
DNA from human pathogens. 

5 



Dr. Cohen said the working group defined "transgenic" as an 
animal in which the germ line had been altered by stable 
introduction of DNA. He said the working group had been 
cognizant that such experiments could be conducted using either 
recombinant or non-recombinant DNA and that the NIH Guidelines 
should cover certain types of recombinant transgenic animal 
experiments. However, the consensus of the group was that 
individual sections of the NIH Guidelines be modified regarding 
transgenics, rather than to attempt to modify the definition of 
"recombinant DNA." Such changes were presented in tab 1321, 
items A through F. Within these suggested amendments to the NIH 
Guidelines were cautionary statements that proper containment 
must be adhered to when utilizing transgenic animals in which 
increased transmission of a recombinant pathogen or production of 
undesirable traits in a host animal could occur. 

Dr. Gottesman said there were complications in that the 
Recombinant DNA Advisory committee (RAC) had recommended to the 
Director, NIH, that certain changes be made to the NIH Guidelines 
at the RAC meeting of September 21, 1987, and in fact, some of 
the working group recommendations are to amend the same sections 
awaiting the Director's action. 

Dr. Gottesman noted the NIH IBC had initiated thinking on 
broadening coverage of transgenic animals by requesting guidance 
from the Office of Recombinant DNA Activities (ORDA). The IBC 
had understood that if a transgenic animal is made using 
recombinant DNA technology that it is covered by the NIH 
Guidelines because the molecule which is the source of the new 
DNA is recombinant. However, they sought an answer to a case in 
which a gene is cloned and cut away from its vector and then the 
gene, apart from the vector, is introduced in the germ line to 
make a transgenic animal. The question is whether such 
experiments should fall under the purview of the NIH Guidelines. 

Dr. Gottesman said the human gene therapy situation is the model 
on which the working group chose to base its recommendations. 
The NIH Guidelines state that recombinant DNA or DNA or RNA 
derived therefrom, if used in human gene therapy, will be 
covered. However, this approach would not cover experiments in 
which transgenic animals were made without ever going through a 
recombinant DNA stage. Dr. Gottesman said she felt there was no 
way to close all loopholes without changing definitions within 
the NIH Guidelines dramatically and that the working group had 
made the clear decision they did not wish to change the basic 
definition of recombinant DNA which has been in lise for over ten 
years. 

Dr. McGarrity said he felt it was an important point that the 
Director of NIH had not acted on previous relevant amendments to 
the NIH Guidelines and that it complicated this discussion. 
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Dr. Gottesman asked Dr. Gartland for an update on the situation 
of the amendments from the September 21, 1987, meeting. 

Dr. Gartland said tab 1322 was basically the proposed revisions 
as they emerged from the September 21, 1987, meeting. On advice 
of legal counsel an environmental assessment is being prepared 
with the assistance of the Department of Agriculture and this is 
the reason the Director has not taken final action on this issue. 

Dr. Neiman said he thought the issues raised by the NIH IBe were 
appropriate and the proposed amendments cover the loopholes that 
exist, but he felt Dr. Gottesman's point was also valid that 
future changes may be necessary as technology progresses and 
direct introduction of DNA may become possible. However, t.he 
issue is speculative and not a practical issue at this point in 
time. He fully supported the limited changes to the NIH 
Guidelines proposed. 

Dr. Johnson noted he was not a member of the working group but he 
felt there was a certain amount of ambiguity and complexity of 
language in tabs 1310, 1321, and 1322 which seemed to bring into 
question whether natural mammalian reproduction would be brought 
under scrutiny in that breeding colonies of animals which 
sexually transmit the genome of interest is a basic facet of 
transgenic animal work. He said the language may be ambiguous 
enough to impede such work. 

Dr. Korwek said he was also confused and asked for a definition 
of the term "transgenic animal." Dr. Got.tesman said that a 
specific definition had not been developed by the group. Dr. 
Korwek asked if rearrangements would be considered "transgenics," 
to which Dr. Johnson replied that crossovers and rearrangements 
occur naturally. Dr. Gottesman said the phrase "stable 
introduction of DNA into the germ line," defines "transgenic" but 
the word "introduction" may be the key to determine if something 
should fall under the NIH Guidelines. 

Dr. Cohen reiterated the decision of the working group to not 
change the definition of "recombinant DNA" in the NIH Guidelines 
while at the same time having concern over containment of animals 
in which human pathogens have been inserted into the germ line. 
He said the focus was on alerting IBCs and researchers that such 
experiments may need special containment. 

Dr. Korwek said he had no problem with such a goal, but he 
expressed concern about the implementation of the language and 
whether it imposes a restriction that otherwise would not be 
there. He said he would like rearrangements to be specifically 
discussed in terms of being categorically included or excluded. 

Dr. Gottesman asked for opinions of persons more involved in the 
field as to whether rearrangement could take place using 
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recombinant DNA but without the recombinant DNA being present in 
the final transgenic animal. Dr. Mulligan cited a scenario of a 
deletion introduced into a mouse in which recombinant DNA as 
defined by the NIH Guidelines would not be present in the final 
construct. 

Dr. Gottesman replied by saying there had been an amendment that 
the RAe had contemplated some time ago which would have exempted 
deletions from the NIH Guidelines. Dr. Gartland said the 
amendment referred to by Dr. Gottesman was also currently 
awaiting environmental assessment but said that deletions, in the 
context of contained research, were exempt. 

Dr. Erickson said the discussion of deletions was not important 
in regard to transgenic animals because of the importance of 
having a DNA marker in such animals for research purposes. 
However, he felt Dr. Johnson's comment was an issue which was of 
importance and he felt the working group meant the wording to 
address sexual transmission of the modified genome outside the 
laboratory. 

Dr. Gellert said there were ways he could think of whereby 
rearrangements into the germ line of an animal would not contain 
recombinant DNA. He noted it is possible to turn on the 
immunoglobulin recombination system with a transient plasmid, 
then have the plasmid remove itself from the germ line, producing 
an animal with rearranged immunoglobUlin genes. 

Mr. Mannix asked if the word "foreign'f should not be added to 
"DNA" to make it clear that deletions, rearrangements and 
duplicate gene copies were not intended to be covered. Dr. 
Gottesman said she felt the word "foreign" itself would have to 
be defined and would only make the situation more complex. 

Dr. Gellert said current technology in introducing viral genomes 
in transgenic animals was to clone a retroviral genome, cut it 
back out of the plasmid and then introduce it into the germ line 
of animals. He could envision a similar experiment being done by 
CUltivating a retrovirus in a suitable cell line, letting the RNA 
become reverse transcribed into double-stranded DNA in the viral 
cores, reisolating the material and using that to generate a 
transgenic animal. Thus, none of these steps would qualify as 
"recombinant DNA," but the same product would result as from the 
recombinant method. 

Dr. Neiman replied the working group was aware of just such an 
experiment and discussed it at some length. He was not sure the 
experiment could be done at present because of the low ef.ficiency 
of introduction of DNA and the numbers of transgenics 
successfully produced would be small in terms of the number of 
injections. The result of such viral infections are populations 
of DNA of unknown content and Dr. Neiman didn't feel many 
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scientists would be willing to start an experiment in 
of the successful insertions would be non-functional. 
of this, the working group felt the only way to cover 
experiment would be by redefining "recombinant DNA." 

which most 
In light 

such an 

Dr. Gellert said he could also envision an experiment in which 
viral cores could be inserted directly into an animal embryo. 

Dr. Neiman said such experimentation has not yet been 
accomplished but conceded it was not unlikely to happen in the 
future. He said it may be premature to attempt to develop 
guidelines for a technology which is as yet undeveloped. 

Dr. Riley said she viewed the term "recombinant DNA" in two ways: 
one, in which recombinant DNA is introduced into the germ line of 
an animal, and another in which a non-recombinant DNA molecule, 
foreign to the animal 1 s genome, is introduced in the animal, thus 
producing a recombinant sequence stably integrated into the germ 
line. She thought this was not a burning issue ~t present. 

Dr. Davis replied such a definition would make the terms 
"recombinant" and "transgenic" synonymous. Dr. Atlas added he 
felt the working group was avoiding coming to grips with the 
definition of "transgenic" and said that there would be ambiguity 
without a clear definition of what is to be covered by the NIH 
Guidelines. 

Dr. Gottesman said the NIH Guidelines only dealt with transgenic 
animals in the context of recombinant DNA and that as such they 
would not cover transgenics made without the use of recombinant 
DNA. She added that if members of the RAe felt all transgenic 
animals should be included that perhaps a redefinition of 
IItransgenic tl or "recombinant DNA" may be in order and that this 
is a complex task and may broaden the entire scope of the NIH 
Guidelines. 

Dr. Johnson said he still felt that natural mammalian 
reproduction and hybridization experiments could be construed to 
fall under the NIH Guidelines by the current definitions and he 
suggested the word "foreign" be inserted before "DNA" to clarify 
this issue. 

Dr. Neiman said that in a mammalian cellar higher animal cell it 
could be possible to insert non-foreign DNA but in a totally 
novel context, and that perhaps "foreign" is not a solution to 
the problem of defining "transgenic." 

Dr. Cohen said he felt the decision should be made as to whether 
it is appropriate for the NIH Guidelines to be extended to cover 
all transgenic animals. This might require redefining 
"recombinant DNA" or renaming the NIH Guidelines. 
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Dr. Gottesman suggested that the proposed introductory paragraph 
to Section III-B-4 of the NIH Guidelines be amended to read: 

"This section covers experiments involving whole 
animals, both those in which the animal's genome has 
been altered by stable introduction of recombinant DNA 
or RNA, or DNA or RNA derived therefrom, into the germ 
line (transgenic animals) and experiments involving 
viable recombinant-DNA-modified microorganisms tested 
on whole animals. For the latter, other than viruses 
which are only vertically transmitted, the experiments 
may not be carried out at BL1-N containment; a minimum 
containment of BL1 or BL2-N is required." 

Dr. Davis said he was reluctant to introduce the word 
"recombinant" because historically the RAe has tried to emphasize 
the principle that what is of concern is the nature of the 
organism and not the technique by which it was formed and he said 
this suggested wording added emphasis to the concept that process 
was more important than product. 

Dr. Childress said, as a newcomer, he wanted to know what the 
background of the issue was and whether it was going to be 
addressed in any other forum. Dr. Gartland reiterated the 
history of the matter. He said the NIH Biosafety Committee had 
proposed that all transgenics should be covered by the NIH 
Guidelines, but they did not define "transgenic . ." A working 
group had been set up by the RAC to look into the matter and tab 
1321 is the report of that working group. He said that no other 
group, at this paint, is constituted to look at this issue. 
Dr. Gartland said the committee had two options: one, to 
restrict the proposed revision of the NIH Guidelines to covering 
" r ecombinant DNA" and advise the Director of NIH that there may 
be a broader problem; or two, take the position that most of the 
concerns will be resolved by this limited modification of the NIH 
Guidelines. 

Dr. Gottesman suggested she go through the working group 
recommendations one at a time to indicate where they fit into the 
NIH Guidelines. 

Recommendation A refers to the incorporation of the following 
language in Section II of the NIH Guidelines: 

"Biosafety Levell for animals (BL1-N) describes 
containment which is used for animals in which the germ 
line has been modified through recombinant DNA 
techniques (transgenic animals) and is designed to 
eliminate the possibility of sexual transmission of the 
modified genome or transmission of recombinant-DNA
derived viruses known to be transmitted only vertically 
{i.e., transmitted from animal parent to offspring only 
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by sexual reproduction). Procedures~ practices, and 
facilities follow classical methods of avoiding genetic 
exchange between animals." 

The working group recommended that tI(transgenic animals}" be 
deleted from this paragraph, but to define "transgenic animal tl 

later as "the stable introduction of DNA into the germ line." 

In recommendation B, the working group recommended adding the 
following new sentence at the beginning of Section III-B-3, 
before the paragraph entitled "caution": 

"Experiments involving the introduction of eukaryotic 
viral genomes into the germ line of animals are covered 
in section III-B-4. I' 

Dr. Gottesman said this was introductory information designed to 
aid IBes in reviewing experimental protocols in which there is 
possibility of transmission. 

In recommendation C, the working group recommended changing the 
title of Section III-B-4 from "Recombinant DNA Experiments 
Involving Whole Animals," to nExperiments Involving Whole 
Animals, Including Transgenic Animals." Dr. Gottesman said this 
was merely a change in title to aid IBes in finding information 
and did not affect the substance of the NIH Guidelines. 

In recommendation D, the working group recommended the following 
wording be incorporated into Section III-B-4 of the NIH 
Guidelines: 

"This section covers experiments involving whole 
animals, both those in which the animal's genome has 
been altered by stable introduction of DNA into the 
germ line (transgenic animals) and experiments 
involving viable recombinant-DNA-modified 
microorganisms tested on whole animals. For the 
latter~ other than viruses which are only vertically 
transmitted, the experiments may not be carried out at 
BLI-N containmenti a minimum containment of BLI or 
BL2-N is required. 

"Caution: Special care should be used in the 
evaluation of containment conditions for some 
experiments with transgenic animals. For example, such 
experiments might lead to the creation of novel 
mechanisms or increased transmission of a recombinant 
pathogen or production of undesirable traits in the 
host animal. In such cases, serious consideration 
should be given to increasing the contairmient 
conditions. u 
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Dr. Gottesman said this is the change which has been the subject 
of much discussion today and that suggestions have included 
altering the first sentence by some means to suggest that the 
introduction of DNA is performed by artificial means rather than 
natural breeding techniques. She added the cautionary paragraph 
is providing further guidance to IBes and investigators. 

In recommendation E, the working group recommended a modification 
to Section III-B-4-a of the NIH Guidelines, to read as follows: 

"Recombinant DNA, or DNA or RNA molecules derived 
therefrom, from any source except for a eukaryotic 
viral genome may be transferred to any non-human 
vertebrate or any invertebrate organism and propagated 
under conditions of physical containment comparable to 
BLl or BLI-N and appropriate to the organism under 
study [2]. Animals ,containing sequences from viral 
vectors, if the sequences do not lead to transmissible 
infection either directly or indirectly as a result of 
complementation or recombination in animals, may be 
propagated under conditions of physical containment 
comparable to BL1 or BL1-N and appropriate to the 
organism under study. Experiments involving the 
introduction of other sequences from eukaryotic viral 
genomes into animals are covered under III-B-4-b. For 
experiments involving recombinant DNA modified Class 2, 
3, 4~ or 5 organisms (1) using whole animals, see 
Section III-B-l." 

Dr. Gottesman said this sets containment for a whole class of 
experiments and supersedes a change made last September to this 
same section which was an attempt to avoid the use of the phrase 
"greater than two-thirds of the eukaryotic viral genome. 11 

In recommendation F, the working group recommended Section 1II-B-
4-b of the NIH Guidelines be modified to read as follows: 

"For experiments involving recombinant DNA, or DNA or 
RNA derived therefrom, involving whole animals, 
including transgenic animals, and not covered by 
Section III-B-1 or Section II1-B-4-a, the appropriate 
containment will be determined by the IBC (22).11 

Dr. Gottesman said this closed a loophole whereby an investigator 
could cut the DNA out of the vector and argue the experiment did 
not involve recombinant DNA. 

Dr. Davis said he would accept that there is no other body in a 
better position than the RAC to offer guidelines for work on 
transgenic animals, that work is currently taking place on 
transgenic animals and guidelines are necessary. He suggested 
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two words "in solution" be added if' the first sentence of 
Recommendation 0: 

llThis section covers experiments involving whole 
animals, both those in which the animal's genome has 
been altered by stable introduction of DNA in solution 
into the germ line (transgenic animals) and experiments 
involving viable recombinant-DNA-modified 
microorganisms tested on whole animals. 

Dr. McGarrity noted there was no motion on the table and asked 
whether the committee felt that final details of language could 
be worked out during the recess or whether, if closure were at 
hand, the issue could be dealt with before the recess. 

Dr. Neiman moved that the modifications to the NIH Guidelines, as 
stated by Dr. Gottesman be adopted. Dr. Erickson seconded the 
motion. 

Dr. Gartland asked for clarification of the wording of the first 
sentence of Recommendation D. Dr. Gottesman suggested the 
wording as presented on page 365, having been already moved for 
adoption, be discussed either before or after the recess and an 
amendment proffered. She reiterated the points previously made 
regarding changing the definition of urecombinant DNA\! versus 
covering transgenic animals in a broader sense. 

Dr. McGarrity said the recess was in order and the committee 
adjourned for a brief recess. 

Dr. McGarrity called the committee back to order at 10:53 a.m. to 
continue the morning's discussion. He said there were two ways 
to proceed: (1) change the definition of "recombinant DNA" to 
make it more encompassing or inclusive of transgenic animals 
which would probably require Federal Register publication for 
public comment; or (2) adopting the recommendations of the 
working group with some modifications with the understanding that 
further changes could be made as the technology moves forward in 
the coming years. He noted Dr. Wyngaarden had expressed an 
interest that some body should be looking at the issue of trans
genic animals and, as Dr. Davis said earlier, the RAe at present 
is the most likely place for such discussions to take place. 

Dr. McGarrity called for a "sense of the committee" as to whether 
it is comfortable with the motion currently before it or if it 
would be inclined to technically overstep the bounds of the NIH 
Guidelines, possibly with the support of the Director, to say 
there may be some areas that it or lBes should look at that 
technically do not come under the current definition of 
"recombinant DNA." The committee voted by show of hands to 
continue its discussion of the current motion before it regarding 
the recommendations of the Working Group on Transgenic Animals. 
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Dr. Korwek said he still had a problem with expansion of the 
applicability of the NIH Guidelines beyond recombinant DNA but 
because of this being a new area he felt it needed further 
discussion. 

Dr. Gottesman suggested a sense of the committee be taken on the 
issue of pursuing a change in the definition of "recombinant 
DNA," or the title of the NIH Guidelines. Dr. Korwek said he 
preferred to leave the definition alone because it is used 
throughout the NIH Guidelines and further problems could be 
created by any change in definition. Further, he said he was 
not in favor of the language as currently exists in 
Recommendation D because it covers non-recombinant DNA 
transgenics. 

Dr. Atlas moved that Recommendation D be amended to include the 
phrase "recombinant DNA, or DNA or RNA derived therefrom" in 
place of the term "DNA" in the first sentence. It would 
therefore read: 

"This section covers experiments involving whole 
animals, both those in which the animal's genome has 
been altered by stable introduction of recombinant DNA, 
or DNA or RNA derived therefrom r into the germ line 
(transgenic animals) and experiments involving viable 
recombinant-DNA-modified microorganisms tested on whole 
animals." 

Dr. Mannix seconded the motion. Dr. Neiman accepted this 
language as a "friendly amendment," and Dr. Erickson concurred. 

Dr. Gartland suggested the use of the word "molecules" to 
standardize this phrase with its use in Recommendation F. Dr. 
Davis noted that RNA cannot be incorporated into the genome of an 
animal and therefore it should be dropped. Dr. Gellert said if 
"RNA" were removed then the word r1molecules" was unnecessary 
because that referred to the RNA. 

The final wording agreed upon for this sentence then became: 

"This section covers experiments involving whole 
animals, both those in which the animal's genome has 
been altered by stable introduction of recombinant DNA, 
or DNA derived therefrom, into the germ line 
(transgenic animals) and experiments involving viable 
recombinant-DNA-modified microorganisms tested on whole 
animals." 

There being no other amendments to the motion, Dr. McGarrity put 
the motion to a vote. The motion passed by a vote of 20 in 
favor, none opposed, and no abstentions. 
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IV. PROPOSED AMENDMENT OF SECTION I-C OF THE NIH GUIDELINES (tabs 
1310/1, 1317( 1318, 1319, 1320, 1327, and 1328). 

Dr. McGarrity called on Dr. Cohen to begin discussion of this 
agenda item. Dr. Cohen delineated the history of the proposal 
from the Foundation on Economic Trends to amend Section I-C of 
the NIH Guidelines to cover projects conducted abroad if the NIH 
had contributed any developmental funding. He said there was 
general dissatisfaction with the proposal but also with the lack 
of a procedure to prevent recurrences of such things as the 
Wistar rabies vaccine episode. He said a working group had 
convened on February 1, 1988, to address this situation and the 
working group had grappled with several issues involved in this 
proposal. 

The first issue was there are reasons to conduct recombinant DNA 
projects abroad, namely that diseases can be best studied in 
endemic areas and the working group did not believe they could 
propose anything which would stifle such responsible research. 

The working group recognized that the NIH has limited 
jurisdiction over international projects, that foreign 
governments are autonomous, and that NIH jurisdiction pertains 
primarily to institutions and investigators receiving financial 
support from the NIH. Further, the working group recognized many 
problems associated with international research were a result of 
incomplete or inadequate communication. 

Therefore, the purpose of the final proposal (tab 1317) was to 
attempt to facilitate proper communications and ensure 
appropriate approvals for international projects which are 
concerned with deliberate release and human gene therapy. The 
proposal instructs researchers whose projects are a direct 
extension of NIH-funded research to provide NIH with evidence 
that the project is in compliance with the NIH Guidelines, the 
host country's guidelines, or is acceptable by an appropriate 
Government office of the host country. The aim is to recognize 
the autonomy of foreign governments while assuring proper 
communication occurs and at the same time not hindering 
responsible research. 

Dr. Gottesman said section I-C of the current NIH Guidelines 
covers all recombinant DNA research within the United States and 
was applicable to projects done abroad if supported by NIH funds. 
The proposal from the Foundation on Economic Trends was in 
response to an experiment which had taken place in Argentina that 
was determined as not falling under the NIH Guidelines because no 
NIH funds were used for the testing abroad. However, the 
development of the recombinant molecules used in the field test 
was performed at an U.S. institution and was funded by the NIH. 
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Dr. Gottesman said the problem was in definition of the term 
"project." The NIH defines a project in terms of what appears in 
a grant application. The working group felt some discomfort that 
a Uproject U could be defined to suit the purposes of an 
investigator and bypass applicability of the NIH Guidelines by 
moving portions of an experiment to a foreign country_ On the 
other hand, the working group did not want to dictate to foreign 
governments what appropriate safety conditions were required. 

Therefore, the final proposal defined a project as research done 
using "materials containing recombinant DNA developed with NIH 
funds and the research a direct extension of the development 
process." This definition has been criticized by some as too 
vague and by others as being too narrow. There has also been 
criticism of allowing for written acceptance by a foreign 
government in lieu of compliance with the NIH Guidelines. Dr. 
Gottesman said the working group's major concern was that the 
foreign government be aware of the research and to allow them to 
make an appropriate decision on safety issues. 

Dr. Korwek said that crit isms by both the Food and Drug 
Administration and the Foundation on Economic Trends were valid 
but that by closing some loopholes others may be opened and 
therefore he welcomed suggestions for amending the proposed 
language for Section I-C. 

Mr. Lanman said he was interested in how this provision was to be 
enforced as currently t~e only mechanism for enforcement was 
through curtailment NIH funding to violating institutions and 
investigators. He suggested the following wording to tie in NIH 
funding of recombinant DNA research to the NIH Guidelines: 

"The NIH Guidelines are also applicable: (1) to 
projects done abroad if they are supported by NIH funds 
or {2} to research done abroad if it involves 
deliberate release into the environment or testing in 
human beings of materials containing recombinant DNA if 
the research is a direct extension of research 
conducted at or sponsored by an institution that 
receives any support for recombinant DNA research from 
the NIH." 

Mr. Lanman proposed a major change in the working group's 
proposed wording to make foreign applicability rules the same as 
domestic applicability rules. That is, he proposed replacing the 
entire first sentence of the proposed paragraph with the 
following: 

"The NIH Guidelines are also applicable to projects 
done abroad if they are supported by NIB funds or 
conducted at or sponsored by an institution that 
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receives any support for recombinant DNA research fram 
the NIH." 

He said this would go beyond the working group's limitation to 
testing in humans or deliberate release into the environment, but 
he said it had the advantage of simplifying matters and applying 
the same rules to foreign research as are applied to domestic 
research. 

Dr. McGarrity asked for clarification of the phrase "direct 
extension" in Mr. Lanman's first suggestion. He asked if this 
was meant to apply to domestic work in which an investigator 
turned his research over to a commercial company for development. 
Mr. Lanman replied he envisioned this only applying to work done 
abroad. 

Dr. McGarrity then asked how his second suggested change would 
deal with the host country which has established rules. Mr. 
Lanman said his suggested wording only applied tOo the first 
sentence and that he would retain the remainder of the wording 
from the working group's recommendation. 

Dr. McGarrity asked if organizations and institutions such as the 
American Type Culture Collection and his own institution, the 
Coriell Institute for Medical Research, which are repositories 
for biological materials and receive NIH funding, would be held 
responsible for eventual uses of materials which they have 
supplied. Investigators might then use them in an experiment 
which those organizations took no more part in than to supply the 
original cell culture, virus, bacterium, or plasmid. He 
questioned whether this was really enforceable. 

Dr. Johnson said there was another issue that the language didn't 
address and that was putting the original NIH grantee in a 
position of, "trying to guarantee all future downstream 
research. II He said the grantees probably could not guarantee 
that and as such this could lead to an unwillingness to share 
materials for research with others unless some guarantee could be 
given to them that they would not be penalized. Additionally, he 
said researchers in other countries should be free to improve on 
research materials developed in this country and should be able 
to look for better applications to human, animal or other types 
of problems using them in any way that they see fit. 
Furthermore, the proposed wording of Section I-C was also putting 
foreign governments in a position of having to accept the NIH 
Guidelines or develop their own, and this may be unenforceable. 

Dr. Atlas agreed and said the only wayan investigator CQuld then 
protect himself would be to not share biological materials with 
his colleagues. 
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Dr. Cohen said the working group tried to deal with this issue. 
The proposal was not designed to impede responsible research, but 
to make sure that appropriate people know the research is going 
on so that any potential problems can be dealt with. He said any 
suggestions to this end would be most welcome. 

Dr. Gottesman said she saw the proposal as making applicability 
more specific, limited to projects only, rather than the overall 
work being undertaken by an institution, when dealing with a 
foreign institution. She questioned whether this proposed 
amendment to Section I-C would have helped in the Argentinean 
incident had been in place. She said it was really addressing 
a different issue. 

Dr. McGarrity said that the collaboration was with a commercial 
organization, not an academic institution, and in his opinion 
unless commercial organizations voluntarily followed the NIH 
Guidelines such experimentation would not be covered. 

Dr. Gartland said he understood that Wistar turned the vaccine 
over to a French company who then collaborated with PARO which 
conducted the field trial in Argentina. Mr. Jeremy Rifkin said 
his understanding was that the NIH supplied funds specifically to 
Wistar to conduct the research and the only portion of t.he 
research that was not funded by NIH was the small portion of 
funds needed to do the experiment in Argentina. 

Dr. Gottesman asked Mr. Lanman if his suggested rewording of 
Section I-C would cover the Wistar incident. Mr. Lanman said it 
was directly pertinent because his issue was to what extent 
domestic applicability should differ from foreign applicability. 
He asked how we would deal with the same situation if it occurred 
domestically. He said the phrase "sponsored by" might be a more 
ambiguous term and subject to more interpretation. 

Mr. Rifkin commended the working group for their recommendations. 
He said the key word was "responsibility," and the reason the 
issue was raised at all was the nature of the experiment in 
Argentina. He said Wistar had received millions of dollars from 
NIH to develop a rabies vaccine and then took money from other 
sources to conduct the field experiment in Argentina in 
connection with PAHO and a French company. He said the working 
group did a good job at closing the loopholes but that the phrase 
"direct extension" still left a loophole for interpretation. 

Mr. Rifkin said there was legal precedent in definitions found in 
regulatory language promulgated by the Council on Environmental 
Quality (CEQ) for the use of the word "connected" rather than 
"direct." He said that actions are connected if they, "cannot or 
will not proceed unless other actions are taken previously or 
simultaneously and are inter-dependent parts of a larger action 
and depend on the larger action for their justification." 
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Mr. Rifkin agreed there was still some room for interpretation 
and said r "There is no way that you can develop any kind of 
legal standard that cannot in some way be misinterpreted or 
abused." However he felt the CEQ definition was a "federal 
standard r " whereas "direct" had no standard definition used by 
any agency in similar matters. 

Mr. Rifkin said he did not agree with the proposal to allow 
foreign countries not having their own guidelines to issue 
written acceptance in lieu of compliance with the NIH Guidelines. 
He said this would weaken the existing NIH Guidelines. He said 
the point was that the NIH had set international standards and 
that other governments had looked to the RAe and the NIH in 
adopting their own standards_ He said the NIH had a 
responsibility for ensuring no double standards are set for 
research and that it has a responsibility for any kind of 
international application of research which it funds. Not to do 
so would send a clear message to other nations that they could 
use third world countries, or other countries, as dumping grounds 
for deliberate release experiments. He said to prevent this he 
would like the wording suggested by the Foundation on Economic 
Trends to be substituted for the proposed wording. 

Upon questioning by Dr. McGarrity, Mr. Rifkin said he did not 
suggest that Wistar was involved directly in the Argentinean 
release of the rabies vaccine. 

Dr. Johnson said he did not wish to comment on the CEQ 
definitions but that he was concerned with the concept of an NIH 
grantee trying to ensure appropriate control of downstream 
research. 

Dr. Neiman said he questioned the legal precedent of the use of 
the term "foreseeableH as to whether it was based on an 
understanding of connectiveness in a scientific sense. He said 
he preferred the use of the word "direct," even if undefined. 

Dr. Neiman asked how the working group intended to cover the 
issue raised by the Foundation of countries who did not have 
their own guidelines as addressed in the final sentence of the 
proposed amendment to Section I-C. Dr. Cohen said it was 
considered as an oversight mechanism to cover those instances 
where no guidelines are in place and approval comes from a 
country to do research on a disease which is endemic to its 
geographic area or population. 

Dr. Neiman said Mr. Lanman's suggested wording used sponsorship 
by an institution, as opposed to the project, as the basis for 
potential enforcement and that seemed consistent with what is 
done generally for human experimentation in this country today. 
He endorsed this approach. 
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Dr. McGarrity asked if NIH supported development of a 
non-recombinant vaccine, and it goes to a foreign country for 
field testing, what human subjects regulations would be used. 

Mr. Lanman said that Department of Health and Human Services 
funding was tied to DHHS Human Subjects Regulations. Dr. Miller 
said it would also require FDA approval because interstate 
commerce regulations require FDA approval of shipment for use in 
a foreign country. 

Dr. Pagano said he liked the phrasing as proposed. He said if 
the host country did not have guidelines they would need to 
accept whatever is to be tested and this is bolstered by the 
statement whereby the NIH reserved the right to withhold funding. 
He said, "They can review, they should review," but "I don \ t 
think we can rigidly hold other countries to our standards 
because their problem may be different and there is a risk versus 
benefit to consider here." In other words the host country is 
allowed the leeway to make its own guidelines but if a u.s. 
investigator or institution is introducing a product to a country 
which does not have guidelines, the NIH still has a right and a 
means to prevent it. 

Dr. Childress said he agreed but the phrase lIin lieu of 
compliance with the NIH Guidelines" should be worded to indicate 
what was expected was conduct reasonably consistent with the NIH 
Guidelines. 

Mr. Brell, Attorney and Officer for the Foundation on Economic 
Trends said he felt acceptance by an appropriate Government 
agency in the host country after proper scientific consideration 
of risk was necessary. He said he felt the word "connected" 
should be used along with the word "direct," to show that if 
something is part of a larger cohesive whole it must fall under 
the NIH Guidelines as well as if it is predicated on previous or 
simultaneous actions. This language had been defined by the CEQ 
and is used in assessing environmental impact. 

Dr. Gottesman asked for an interpretation of the word "sponsoredn 

by the lawyers in the group. She asked if it were too broad a 
term and whether it would be interpreted to include all "direct 
extensions." She said a possible solution to this may be to use 
the term "sponsored by.u Dr. Gottesman said that the term 
"connected" may have a legal meaning but that all research is 
predicated on research in the past and tomorrow's research is 
reasonably foreseeable from research going on today. 

Dr. Murray asked how developing or non-industrialized nations 
process requests coming to them for research and what issues come 
up in such a setting, and what obligation a researcher has to 
control the use of materials and results of research. He said he 
believed in the Argentinean field trial the investigators were 
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trying to circumvent mechanisms to inform the Government and 
protect people in order to move the project ahead more rapidly 
than they should have. 

Mr. Lanman said, in response to Dr. Gottesman's suggestion to use 
the term IIsponsored by," that it could be interpreted broadly and 
the toughest part of interpretation would be whether provision of 
research materials alone constitutes sponsorship. He suggested 
an alternative to the use of "direct extension." He said the 
following phrase should be substituted: 

"The research is subject to control through funding, 
sponsorship, or the direct provision of research 
mater by an institution within the United States or 
its territories that receives any support for 
recombinant DNA research from the NIH." 

Dr. McGarrity reiterated his question as to whether this would 
apply to repositories who supply viruses, bacteria, tissue 
samples and cell cultures. Mr. Lanman said another way of doing 
it may be to tie provision of research materials to a formal 
collaboration to prevent a company or organization providing 
research material to an external source to do research in order 
to bypass applicability of the NIH Guidelines. 

Mr. Brewer said he liked Mr. Lanman 1 s suggestion in that it would 
solve virtually all of the problems with the exception of people 
who were deliberately trying to get around the NIH GUidelines, 
and that perhaps there were other agencies and institutions of 
the Federal Government more appropriate to handle those 
situations. He said he thought the best NIH could do is try to 
create a situation in which it ties the money it provides to 
researchers and institutions to an understanding that the duty 
falls upon those researchers and institutions to conduct their 
work and oversee it in accordance with the NIH Guidelines. 

Dr. Pramer drew the parallel with human subjects research and 
said that local IREs are not concerned with where the research is 
taking place, but rather the standard of work, the quality of 
research, and how well confidentiality and protection of health 
and welfare of the human subjects is assured. Furthermore,' the 
IREs are charged by the institution to review all projects which 
are using human subjects, irrespective of funding. 

Mr. Rifkin asked Mr. Lanman if, using his proposed terminology, 
the Wistar Institute gave a vaccine to a private French company 
who in turn gave it to PARO for a field trial, whether this would 
be a direct provision. 

Mr. Lanman said it would not be direct. 
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Mr. Rifkin said this then defeated the whole purpose of the 
working group's proposal and for that reason the word 
"connected,1I rather than IIdirected," needed to be used, because 
surely this work was connected and would therefore require NIH 
oversight. Mr. Rifkin said if Mr. Lanman's proposal were to be 
accepted it would show that the NIH and the Federal Government 
were not willing to take responsibility for research it funds and 
that there would be further incidents in the future. 

Dr. Davis said he was surprised by Mr. Lanman's interpretation 
that this would not be a direct provision and agreed with Mr. 
Rifkin that there was a problem. He said, "if there is a general 
agreement that 'direct' would not cover that, [the Wistar 
experiment] then we have not done our job adequately." 

Dr. cohen said some of the problem is in talking about a 
researcher developing something and someone else using it, and 
this could be resolved by the use of the word "foreseeable,1I but 
the original researcher might not foresee an eventual use for his 
research. However, in the case of a researcher who develops a 
vaccine, as in the wistar case, it becomes obvious that a field 
test is a foreseeable consequence of the initial research. 

Dr. McGarrity pointed out that the NIH ruled in that case the 
field test was not a direct extension of the research because no 
field test was mentioned in the original grant application or in 
progress reports. Mr. Lanman said this was part of what was 
considered as well as the fact that the field test was nat funded 
by the NIH. 

Mr. Mannix suggested a different approach, to require that 
progress reports include disclosure of any planned testing, 
whether abroad or domestic. 

Dr. Gottesman said her interpretation of Mr. Lanman's response to 
Mr. Rifkin was that if "direct extension" did not cover such an 
experiment, that "sponsored by" might. She said IIconnected" and 
lIforeseeable" would meet with the same problems in terms of who 
is the person who is responsible to foresee a use for research 
materials. 

Mr. Brell asked what problems were seen with using both 
"connected" and "reasonably foreseeable," since these were both 
terms defined by the Council on Environmental Quality. Dr. 
Gottesman reiterated that science is based an all knowledge that 
has come before and therefore it would be hard to convince any 
court that any particular experiment is not "connected" to any 
other research. She said, "the point is that these definitions 
have to be written for scientists as well as lawyers if they are 
going to be of any use to any of us that are doing research." 

22 



Mr. Rifkin asked to put aside definitions and to look at 
principle. He once again cited the Wistar experiment and asked 
Dr. Gottesman if she felt the research in Argentina was a 
"direct extension." 

Dr. Gottesman replied she was on the working group and that the 
wording "direct extension It was put into the recommendation 
because it was the consensus of that group that the field trial 
was a direct extension, that it was clearly what had to be done 
next in development of the rabies vaccine. 

Mr. Rifkin said it was important to him to have the principle 
established rather than argue semantics so that in the future 
there would be no problem in interpreting the NIH Guidelines. 

After the luncheon recess, Dr. McGarrity called the committee to 
order and asked for pertinent discussion and comments with an aim 
toward a closure on the subject. 

Dr. Gottesman said since she was an ad hoc member of the RAe and 
had no voting privileges she would proffer some text for the 
group to work on. She proposed a revision of Section I-C of the 
NIH Guidelines to read as follows~ 

"The NIH Guidelines are also applicable to recombinant 
DNA projects done abroad: (1) if they are supported by 
NIH funds or conducted at, or sponsored by, an 
institution that receives any support for recombinant 
DNA research from NIH; and (2) if it involves 
deliberate release into the environment or testing in 
humans of materials containing recombinant DNA 
developed with NIH funds and the research is a direct 
extension of an NIH-supported project. 

"If the host country, however, has established rules of 
conduct of recombinant DNA projects, then a written 
assurance of compliance with those rules may be 
submitted to NIH in lieu of compliance with the NIH 
Guidelines. Alternatively, if the host country does 
not have such rules, written acceptance of the proposed 
project by an appropriate Government office of the host 
country is necessary. The NIH reserves the right to 
withhold funding if the safety practices to be employed 
abroad are not reasonably consistent with the NIH 
Guidelines." 

Dr. Gottesman said she knew of an alternatively worded proposal 
which was somewhat simpler and asked if, after having it read, a 
straw vote CQuld be taken on which alternative to discuss 
further. 
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Mr. Brewer then suggested the following alternative revision to 
Section I-C of the NIH Guidelines: 

"The Guidelines are applicable to all recombinant DNA 
research conducted at or sponsored by an institution 
that receives any support for recombinant DNA research 
from the National Institutes of Health (NIH). This 
includes research performed by NIH directly. 

"An individual receiving support for research involving 
recombinant DNA must be associated with or sponsored by 
an institution that can and does assume the 
responsibilities assigned in these Guidelines. 

"For any recombinant DNA research done in another 
country, if that country has established rules for the 
conduct of recombinant DNA projects, then a certificate 
of compliance with those rules may be submitted to the 
NIH as evidence of compliance with the NIH Guidelines. 
Alternatively, if the host country does not have such 
rules, written acceptance of the proposed project by an 
appropriate Government office of the host country is 
necessary. The NIH reserves the right to withhold 
funding if the safety practices are not reasonably 
consistent with the NIH Guidelines. " 

Mr. Brewer said this puts the burden on every institution to 
adhere to the NIH Guidelines and take them seriously and that 
additionally letters could be written to all institutions to say 
that the NIH expects people to live not only by the written NIH 
Guidelines but the spirit of these Guidelines. He said this 
could be done easily and would not discourage the normal exchange 
of scientific research material and ideas. This letter could be 
made a permanent part of the file for each institution and 
investigator. If this kind of rule had been in effect there 
would have been strong ground for the NIH to withhold further 
funding from Wistar or any other institution which violated its 
intent and spirit. 

Dr. Korwek asked if the NIH ruling that the Wistar project was 
not encompassed within the NIH Guidelines was because of the 
definition of ltproject,1f which the NIH interpreted to be 
synonymous with "research grant." Dr. Gartland said the history 
of the third paragraph of Section I-C was it was written to cover 
research grants being awarded to foreign institutions. 

Mr. Mannix asked which funds were being sought to be withheld, 
funds for a particular project or institution-wide funding. Dr. 
Gottesman said she believed it to be institutional funding which 
is a lever NIH has used with institutions to make sure everyone 
within an institution abides by the rules. Therefore a violation 
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on a single project could jeopardize continued funding on any or 
all recombinant DNA work at the institution. 

Dr. McKinney said he believed this could be interpreted also to 
cover a third party action in which an institution funded by NIH 
could be held responsible for research initiated by them and 
turned over to a second party who, in turn, allow a third party 
to continue further research without the consent or knowledge of 
the originating institution. 

Dr. Atlas said he would prefer the phrase "or done in 
collaboration with," to be put in the language of the proposal to 
obviate the innocent third party liability. 

Mr. Brewer said he would accept "in collaboration with" as an 
additional phrase. 

Dr. McGarrity asked whether he could get a feeling of the 
committee as to which proposal they were more comfortable with. 
Dr. Riley asked Dr. Gottesman what was in her proposed language 
that was not in the Brewer proposal. She replied the major 
difference was the reiteration of the "direct extension" 
terminology. She said she was not sure that "collaboration" 
would fit in the proposed language but said the phrase "sponsored 
by" could be footnoted to include "collaboration." 

Dr. Cohen said the concept of "collaboration" would eliminate the 
"direct extension" phraseology because it involves active 
participation and he said it dealt with the problem nicely. 

Mr. Brewer then reiterated his proposal in the form of a motion 
t,o read: 

liThe Guidelines are applicable to all recombinant DNA 
research conducted at or sponsored by or done in 
collaboration with an institution that receives any 
support for recombinant DNA research from the National 
Institutes of Health (NIH). This includes research 
performed by NIH directly. 

"An individual receiving support for research involving 
recombinant DNA must be associated with or sponsored by 
an institution that can and does assume the 
responsibilities assigned in these Guidelines. 

"For any recombinant DNA research done in another 
country, if that country has established rules for the 
conduct of recombinant DNA projects, then a certificate 
of compliance with those rules may be submitted to the 
NIH as evidence of compliance with the NIH Guidelines. 
Alternatively, if the host country does not have such 
rules, written acceptance of the proposed project by an 
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appropriate national government office of the host 
country is necessary. The NIH reserves the right to 
withhold funding if the safety practices employed 
abroad are not reasonably consistent with the NIH 
Guidelines," 

Dr. Vidaver seconded the motion. 

Dr. Cohen asked if "in lieu of" could be substituted for "as 
evidence of" in the third paragraph. M.r. Brewer said he would 
accept this as a friendly amendment. Dr. Miller had the concern 
the term "collaboration lt could be interpreted too broadly. He 
said scientists know what is meant by "collaboration," but 
thought some qualifying language needed to be added such as 
"active continual collaboration," to clarify the intent of the 
language. Mr. Brewer said he would drop the phrase lIin 
collaboration with;1I if anyone had any wording that could better 
be substituted without raising ambiguities. 

Mr. Brell said an institution should bear the responsibility for 
monitoring to ensure the products of their research are not being 
used in a way that would contravene the provisions of the NIH 
Guidelines and the RAe was being too timid in their use of such 
words as IIcollaboration." He said he wanted the term 
Happropriate government agencyH defined. Mr. Brewer said he 
would be willing to accept expanded language similar to 
"appropriate national scientific or health official,lf if Mr. 
Brell thought that would clarify the issue. 

Dr. Riley asked if, in the case of a foreign country that did not 
have regulations in place, the only safeguard would be the 
signing-off by that country's government official. Dr. McGarrity 
explained the final sentence of I-C would still be in effect, 
that. lithe NIH reserves the right to withhold funding" if the 
safety practices are not proper. 

Dr. Gottesman asked for clarification as to whether the current 
two sets of proposals differed so much from what appeared in the 
Federal Register notice that a vote would not be in order to 
approve either, and that it may have to be put out for public 
comment again. Mr. Lanman said he believed the proposal was now 
so broad that this was going to be necessary. Dr. Gottesman 
asked whether a vote should be taken to have one or the other 
proposals perfected and published for public comment. Dr. 
McKinney suggested the motions currently on the table be 
withdrawn. 

Mr. Brewer withdrew his motion from consideration at this time by 
the RAe. 

Dr. Tolin said she was in favor of the language being proposed. 
She cautioned that in adding requirements for compliance the 
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committee keep in mind that we cannot force foreign governments 
to comply, and that perhaps acceptance of these guidelines would 
be a more favorable target. 

Dr. McGarrity asked Mr. Lanman if Mr. Brewer's withdrawn motion 
was a reasonable starting point for the next round of publication 
in the Federal Register~ and still allow for limited modification 
at the next meeting of the RAC. Mr. Lanman said there were 
several options: 

1. A decision could be made on one version to 
recommend to the Director of NIH; 

2. The Director, NIH, could be asked to publish 
alternate versions for comment; or 

3. It could be left to the Director's discretion 
to publish a version which would meet certain 
criteria, and allow the Director to piovide 
the specific language. 

Dr. Gartland asked whether the sense of the committee was that 
what was voted on today go out for further comment and brought 
back to the October RAe meeting or whether the whole issue should 
go back to a working group for even further work and brought back 
in October. Dr. Korwek said there was enough dispute over what 
specific words meant and how they should be construed, and that 
there were many diverse viewpoints being dealt with, and he felt 
it should go back to the working group for eventual republication 
for comment. General agreement was voiced around the table for 
sending the proposals back to the working group. 

Dr. McGarrity thanked Dr. Cohen and the working group for their 
efforts on these topics. 

v. PROPOSED AMENDMENT OF SECTION III-B-5 OF THE NIH GUIDELINES: (tabs 
1310/11I, 1313, 1328, 1329, 1331). 

Dr. Cohen said the proposal had come from Dr. Joseph Fordham of 
Novo Laboratories requesting Section 1II-B-5 of the NIH 
Guidelines be changed to read: 

"For large-scale (LS) fermentation experiments, 
involving non-pathogenic and non-toxicogenic 
recombinant strains of host organisms having an 
extended history of safe industrial use, the 
appropriate physical containment conditions need to be 
no greater than those for the host organism unmodified 
by recombinant DNA techniques; the lBC can specify 
higher containment if it deems necessary." 
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Dr. Cohen said he had no major objection to the request, but he 
was slightly concerned because it implies that interpretation is 
left to the principal investigator and that perhaps continued use 
of exchanger lists or definitions of what organisms are covered 
under such amendments may be preferable. 

Dr. McKinney said he was troubled by the lack of definition of 
such terms as "extended history" and IIsafe industrial use." He 
said lIextended history" could be interpreted to mean almost any 
time frame, and that due to lack of recorded fermentation 
accidents and lack of monitoring, there was no way to judge what 
"safe industrial use" was. He said it was important that risk 
assessments be done so that such terms could be eliminated and 
experiments could be judged on the facts at hand, not history 
Which mayor may not be available for a given material. 

Dr. Pramer said he was not uncomfortable with this broad proposal 
based on the proposals being received from industry, particularly 
if the one from Eli Lilly to be discussed next is taken as an 
example. He said with the past experience with Saccharomyces and 
E. coli, he was willing to accept such a proposal, especially 
sin· .... it was still subject to the system of checks and balances 
builL into the NIH Guidelines, i.e., IBC review and 
recommendations. 

Dr. Riley said the terms "non-pathogenic" and "non-toxicogenic" 
were generic and needed more definition, and she believed a case
by-case review was still necessary until a group could establish 
universally acceptable definitions of organisms that could be 
exempted. 

Dr. Johnson said, in reference to Dr. McKinney's comments, that 
people had been looking for adverse reactions in large-scale 
fermentation and the only one was allergenicity to products such 
as penicillin, but that workers were avidly monitored. 
Furthermore, if a general approval of organisms widely used in 
large-scale fermentation is not made available, the RAe could 
expect a long list of single case proposals in the coming years 
which could hinder u.s. competitiveness in the field. 

Dr. Gottesman questioned whether the flexibility is already there 
and this just allows for the recognition of the flexibility and 
the problem of specifying containment could be left to the local 
IBCs on a case-by-case basis. 

Dr. McGarrity said he believed local lacs could recommend lower 
than BLI-LS. Dr. Gartland said the next sentence of the current 
Section III-B-5 recommends following Appendix K, where 
appropriate, and "where appropriate" is the language which 
provides flexibility for the IBC. However, he said, IBCs are 
reluctant' to use this. 
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Dr. McKinney said this was the underlying issue, the reluctance 
on the part of a number of IBes to take on the responsibility for 
determining what containment levels will be used. He agreed with 
Dr. Gottesman that the proposed recommendation does nothing that 
the current III-B-5 does not already do. He said a narrative 
could be added to describe good industrial practices but these 
vary according to the process involved and the group performing 
the fermentation. 

Dr. Gartland said he had spent time with representatives from Eli 
Lilly discussing the way the NIH Guidelines are currently 
constructed. In essence, if a small-scale experiment requires 
BL1, then the same experiment done on a large-scale basis would 
require BL1-LS, but the wording "where appropriate" added a 
certain amount of flexibility. 

Dr. Miller said the FDA had proposed over a year and a half ago 
that going to large-scale with exempt organisms such as E. coli, 
B. subtilis, or saccharomyces required only very low containment, 
and that BLI-LS was unwieldY, expensive and unnecessary for 
academia and for industry. Experience since then has shown that 
utilization of lower than BLI-LS containment for these organisms 
had produced no demonstrable problems and had met with a great 
deal of acceptance and enthusiasm from industry. He said FDA 
urged that some generic criteria be adopted for exactly the same 
reasons, because many of these organisms require only very low 
containment, that BL1-LS is unwieldy, expensive and unnecessary, 
and that this will allow industry to plan for future production 
facilities which will need to be built as the industry expands. 

Dr. Miller said the FDA would prefer criteria closer to the OEeD 
proposed generic criteria mainly because these have been adopted 
and accepted throughout the world. 

Dr. Cohen suggested expanding the list of exempt organisms. Dr. 
McKinney suggested deleting the second sentence of the current 
III-B-5 and substituting the statement, "Where appropriate, 
Appendix K shall be used," and allow the IBes to decide 
appropriate containment on the basis of such data as they deem 
necessary to make their decisions. Dr. Gottesman said she 
believed there could be changes made to Appendix K to add 
flexibility. 

Dr. McKinney said he agreed with Dr. Riley that the NIH 
Guidelines were developed with the greatest concern being 
addressed to risk to humans performing recombinant DNA research. 
This concern has now shifted, as the technology has grown, from 
the laboratory to the environment outside the laboratory and the 
impact of recombinant DNA on the total world. He stressed more 
attention needed to be paid to the total environment but that any 
language needed to be flexible enough to move at the pace of the 
technology. 
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Dr. Gottesman suggested no changes be made to Section III-B-5, 
but to revise the wording of Appendix K-I of the NIH Guidelines 
to read: 

tiThe selection of the physical containment level 
requirement is based on the containment guidelines as 
established in Part III of the Guidelines. For 
purposes of large-scale research or production, three 
physical containment levels are established. These are 
referred to as BLl-LS, BL2-LS, and BL3-L5. The 8L1-L5 
level of physical containment is recommended for large
scale research or production of viable organisms 
containing recombinant DNA molecules which require BLl 
containment at the laboratory scale. For large-scale 
fermentation experiments involving non-pathogenic and 
non-toxicogenic recombinant strains of host organisms 
having an extended history of safe industrial use, the 
lBC may consider suggesting containment consistent with 
good industrial practice rather than using 
BL1-LS." 

Dr. Gottesman said this would add flexibility. It would remove 
the requirement for BL1-L5 and make it a recommendation, thereby 
putting more flexibility in the hands of the IBC. 

Dr. Gellert moved Dr. Gottesman's proposed revision to Appendix 
K-I of the NIH Guidelines be adopted. Dr. Pramer seconded the 
motion. 

Dr. Miller asked what BL1-LS was being recommended for. Dr. 
Gottesman replied it would be recommended for experiments 
requiring BLl containment at the laboratory scale. Dr. Miller 
suggested deleting the sentence recommending BLI-LS for 
experiments requiring BLl containment at the laboratory scale 
because he felt it was negated in the next sentence. Further, he 
said he would incorporate some of the language of the Federal 
Register notice of June 26, 1986, to say, ftFor recombinant 
DNA-containing organisms meeting certain criteria, appropriate 
large-scale containment will be no greater than that for the host 
organism unmodified by recombinant DNA techniques." 

Mr. Mannix suggested breaking Appendix K-I into K-I-a and K-I-b. 
Appendix K-I-a would be prefaced by "Except as in K-I-b .... " and 
would read as the current K-I, but changing the word urequired" 
to "recommended." Appendix K-I-b would consist of the proposed 
language before the committee for large-scale fermentation and 
read, "For large-scale fermentation experiments involving 
non-pathogenic and non-toxicogenic recombinant strains of host 
organisms having an extended history of safe industrial use the 
appropriate physical containment conditions need be no greater 
than those for the host organism unmodified by recombinant DNA 
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techniquesi the IBC can specify higher containment if it deems it 
necessary." 

Dr. Van Houten, the Chairman of the IBe at Schering-Plough 
Corporation said the IBC there felt they had the power to lower 
containment, but they did not feel comfortable with the possible 
associated environmental release. He said lEes would appreciate 
studies being conducted to reassure IBC members that if such 
decisions to lower containment are made there are sound 
scientific facts upon which to base those decisions. 

Dr. McKinney replied saying establishment of the biosafety levels 
was based on assessment of risk associated with working with the 
recombinant organisms and principally the risk to humans. He 
suggested possibly a "Points to Consider" docwnent should be 
developed for guidance to lBes in considering whether they should 
lower containment below BL1. Further, he suggested industry 
could come up with good industrial large-scale practices criteria 
which could be used for IBCs to measure their de~isions. 

Dr. Johnson reiterated that if industry were to be forced into 
case-by-case review of large-scale fermentation production, it 
would place the American industry at a distinct economic 
disadvantage, because the rest of the world is operating under 
generic exclusion criteria. Dr. Miller said there were 
requirements for an entirely closed system in use for low-risk, 
well understood and often used industrial organisms. 

Dr. Foglesong from Eli Lilly said another consideration, aside 
from processing in the fermentor, is processing outside. Under 
BL1-LS standards you are required to inactivate the organism 
before removing it from the fermentor. 

Dr. Gottesman restated the amended wording for Appendix K-I as 
follows: 

"The BLI-LS level of physical containment is 
recommended for large-scale research or production of 
viable organisms containing recombinant DNA molecules 
which require BLl containment at the laboratory scale. 
For large-scale fermentation experiments involving 
non-pathogenic and non-toxicogenic recombinant strains 
of host organisms having an extended history of safe 
industrial use, the lBe may set large-scale containment 
conditions at those appropriate for the host organism 
unmodified by recombinant DNA techniques and consistent 
with good industrial large-scale practices." 

Dr. MCGarrity ruled that this wording was substantially different 
from that of the motion on the floor, whereupon Dr. Gellert 
withdrew his motion and Dr. Pramer his second. Mr. Mannix moved 
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adoption of the superseded wording for Appendix K-1 as presented 
by Dr. Gottesman and the motion was duly seconded. 

There being no further discussion on the motion, Dr. McGarrity 
put the motion to a vote and the motion passed by a vote of 15 in 
favor, none opposed, and Dr. Johnson abstained from voting. 

VI. PROPOSAL TO INCLUDE PSEUDOMONAS MENDOCINA IN SUBLIST A, 
APPENDIX A, (tabs 1310jV, 1323). 

Dr. Roberts said the proposal was a simple case of including an 
organism in sublist A of Appendix A. He said it merited little 
discussion, was well documented and clear. Dr. Erickson said he 
was of the same view. 

Dr. Gottesman said organisms on the list are supposed to exchange 
information between each other and therefore have already seen 
each other's genetic complement. Therefore, if it is made by 
recombinant DNA, it is not novel. Plasmid mobilization of 
chromosomal DNA has been taken as evidence for chromosomal gene 
exchange. A separate issue is does this exchange take place in 
both directions. 

Dr. Roberts moved that the proposal from Dr. Burt Ensley of AMGen 
(tab 1323) be approved. Mr. Brewer seconded the motion. There 
being no further discussion, Dr. McGarrity put the motion to a 
vote. The motion passed by a vote of 14 in favor, none opposed, 
and no abstentions. 

VII. LARGE-SCALE PRODUCTION INVOLVING CEPHALOSPORIUM ACREMONIUM 
STRAIN LU-79-6 (tab 1310/11, 1311, 1313, 1324, 1329). 

Dr. McKinney said he was in agreement with the proposal by Eli 
Lilly to approve this at less than BL1-LS containment, but he had 
some concerns from the documentation which he felt should be 
brought to the committee's attention. 

He said there seemed to be some disagreement between the request, 
the heading of the letter, and the closing paragraph of the 
letter from Eli Lilly in how they intended to handle the 
committee's decision. In the request they had asked that the RAC 
approve conditions for experiments and products involving 
Cephalosporium acremonium. However, the closing of the letter 
said that the Lilly IBC would determine what conditions would be 
used depending on the outcome of the experiments. He asked for 
clarification of what role the Lilly IBC was going to have and 
whether RAC was being asked to approve production methodology 
beyond the experimental stage. 
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Dr. Foglesong said Lilly was asking for RAC approval but that the 
IBC was maintaining the option to require a containment level 
higher than that approved by the RAC, and that approval was being 
sought for both experimental and production methodology. 

Dr. McKinney suggested that the IBC should compare their good 
industrial practices at against BLI-LS so judgments can be 
made as to what exactly will be done. The focus should not be 
limited to infectivity or pathogenicity of the organism being 
fermented and environmental concerns should be taken into 
account. He said Dr. Johnson had already alluded to concern over 
the issue of antigenicity the culture. 

Dr. McKinney noted the proposal stated, "It is intended that the 
fluents from the process, including the biomass will be 

inactivated prior to removal from the facility." Lilly believes 
the strain to be safe insofar as any viable cells of this 
organism which would reach the environment would be at low 
concentration and not hazardous to man or the environment. 

Dr. McKinney said he wanted to know if in fact it was intended 
that the biomass and the waste from the process would be 
discharged into the environment, and if so, how this would be 
done. However, he stressed be was in basic agreement with the 
process and the intended method of operation. 

Dr. McGarrity said Dr. Pramer and he had discussed this proposal 
and that Dr. Pramer had implied he viewed this proposal 
favorably. Dr. Miller said the FDA was essentially in agreement 
that the organism is wholely appropriate to be grown at a lower 
containment level and the recombinant DNA modification was not 
significant to raise the level of containment. 

Dr. McKinney reiterated his concern about potential environmental 
impact because he felt there was a lack of data addressing 
introduction of this organism into the environment. 

Dr. McGarrity asked if this same concern would hold true on the 
discussion of the revision of Appendix K-l where the lBes were 
allowed, where appropriate, to lower containment from BLI-LS. 
Dr. McKinney replied this would apply, however the institution 
would then assume the responsibility, rather than NIH supplying 
approval. 

Dr. Fordham from Novo scientific said all such products would 
undergo an environmental assessment before approval by other 
agencies such as EPA or FDA. 

Dr. Foglesong said with more than ten years' experience with 
recombinant DNA technology and several decades experience in 
fermentation technology it is the belief of Lilly that the LU-4 
strain constructed by Lilly, like its non-recombinant 
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progenitors, is non-pathogenic and that experiments and 
production under conditions less restrictive than BL1-LS were 
consistent with the recently approved amendment to the NIH 
Guidelines. 

Dr. Foglesong cited the following: 

1. The non-recombinant progenitors of this have 
derived from a common ancestral strain, ATCC 
11550, and have been used safely in industry 
without any special containment for over 25 
years. 

2. The difference between the recombinant strain 
and its non-recombinant progenitor has been 
well characterized and consists of the 
insertion of an extra copy of a key C. 
acremonium antibiotic biosynthetic gene along 
with well characterized heterologous vector 
DNA back into the non-recombinant derivative 
of ATCC 11550. 

3. several factors exist to address Dr. 
McKinney's concerns about biological 
containment: the gene and heterologous vector 
DNA are stably integrated into the host 
chromosome; C. acremonium is an asexual 
fungus lacking any system for genetic change; 
C. acremoniurn contains no transducing 
viruses; and, the host organisms are at a 
significant competitive disadvantage with 
respect to the original wide type organism, 
or for that matter Streptomyces present in 
soil, and in experiments performed could not 
survive in soil after 4 days. 

Dr. Foglesong said investigators at Lilly have experimented with 
the recombinant strain for 12 months under BLl conditions in the 
laboratory and for 8 months at BL1-LS in a 150 liter pilot plant 
study. During this time no observation was made of any 
unexpected changes in the fundamental characteristics of the ~ 
acremonium host. He said it is believed that the recombinant 
strain can be characterized as a product of self-cloning and 
although the vector contains heterologous DNA it is Lilly's 
belief that the DNA does not change the non-pathogenic character 
of the host and does not present a significant risk to human 
health or to the environment. 

Dr. McKinney said he appreciated the information on the non
recovery from soil after 4 days and suggested the RAC consider 
approving this petition pending Lilly's satisfactory explanation 
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of how disposal would occur, the concentration of live organisms 
in the material being disposed, and the method of disposal. 

Dr. Riley said the RAe was acting as an lBe and that it seemed 
wrong for the RAe to be dealing with such detailed questions. 
Dr. McKinney said that the revision of Section III-B-5 which was 
voted on today is merely a recommendation to the Director of NIH 
and that there was no guarantee that he would accept it. 
Therefore, the RAe must act because the current accepted version 
of the NIH Guidelines requires RAe approval for such experiments. 

Dr. Johnson said he sensed some inconsistency in such an approach 
because the NIH in the past has tried to avoid getting involved 
in the review process for industry. Liability eventually resides 
with the manufacturer. Dr. McKinney said the RAe had made a 
decision years ago to look at recombinant organisms being 
considered for large-scale production only from a scientific 
perspective without consideration of the engineering issues. In 
being asked to review and approve a process at less than BLI-LS 
containment, the RAe was perhaps in this instance being asked to 
act as an lEe insofar as this is the kind of information an IBe 
should consider. 

Dr. Johnson said if the Gottesman proposal were accepted that 
would give the lBe the clear authority which it would be happy to 
exercise in this case. 

Mr. Mannix said, "in the spirit of the recommendation that was 
just made on the previous agenda item, I move that we look at 
this as a specif case and recommend exactly what Lilly 
proposed." Dr. Pagano seconded the motion. 

Dr. Atlas asked if this meant it would be sent to the IBC and 
they would be allowed to make the decision. Mr. Mannix said it 
was essentially to remove the requirement for BL1-LS and leave it 
to the discretion of the IBe. 

The motion, having been duly made and seconded, was put to a vote 
by Dr. McGarrity and was passed by a vote of 12 in favor, none 
opposed, and three abstentions. Dr. Johnson asked that his 
abstention be noted on the record. 

VIII. PROPOSED CLARIFYING STATEMENTS REGARDING TRANSPOSONS (tab 1316}. 

Dr. Vidaver said the background for this request for 
consideration was an incident in which there was a question of 
introduction into the environment of a recombinant DNA-containing 
microorganism. The experiment involved a plasmid transfer in a 
mating experiment which resulted in a mutant by use of a suicide 
vector containing a transposon, leaving open the question of 
whether or not this was recombinant DNA. The issue is for the 
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RAe to make clear whether or not the source of a transposon 
should be considered. In this case the donor plasmid was 
generated by recombinant DNA technology but the microbial 
derivative or transconjugant did not contain any DNA sequences 
other than those of the unmodified transposon as evidenced by 
genetic means and DNA hybridization. The data were examined by 
two independent groups including a committee of the NIH. 

Dr. Vidaver asked the committee to consider alternative one of 
tab 1316, that is: 

"Unmodified transposons (wild-type) that become 
inserted into the chromosome, even if carried by a 
recombinant plasmid, are not subject to these 
guidelines. For example, it is common to use vectors 
that either are naturally unstable (suicide vector) in 
a desired host or that can be rendered unstable by 
manipulating physiological conditions. In the process 
of suicide (inability of the vector to replicate), 
transposoD transfer may occur. this process is not 
considered recombinant DNA." 

Dr. Vidaver said this could be an addendum to Section I-V, or 
inserted as a footnote as it is simply a clarification of what 
does and does not constitute recombinant DNA. 

Dr. McGarrity said final action could not be taken on this issue 
because it had not been published in the Federal Register for 
public comment. However, it was on the agenda in an attempt to 
gain some sense of the committee for future action. 

Dr. Roberts said he agreed that the alternative presented by Dr. 
Vidaver was completely clear as to what a transposon does and 
that it does not constitute recombinant DNA as considered by the 
RAe. Dr. Pagano agreed. Dr. Erickson said he was not quite so 
sanguine about it. He said looking at it from the mammalian 
point of view and looking at retroviruses and retrotransposons 
there were manipulations that could be imagined in a non-modified 
retrotransposon such as injection into an early embryo causing 
integrations that would not naturally occur and could potentially 
be harmful. He said he had no other alternative to propose but 
he did not feel completely satisfied with this alternative. 

Dr. Gellert asked what impact this would have on experiments 
involving inserting a transposon carrying a drug-resistance 
element into a bacterial species where that drug resistance is 
not normally found. Dr. Gellert asked if this were done, not by 
mating, but by construction of a plasmid in vitro, which carries 
the transposon into a strain where the plasmid will disappear but 
the transposon will insert, would this be an approved experiment 
or not. Dr. Vidaver replied it had been done and that antibiotic 
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resistance is the most commonly used way that transposons are 
manipulated. 

Dr. McGarrity advised, since there could be no resolution of this 
issue, that Dr. Vidaver and other interested committee members 
correspond with Dr. Gartland's office to attempt to prepare a 
proposal for the next meeting of the RAC. 

IX. PROPOSED AMENDMENT OF APPENDIX C-IV TO INCLUDE BACILLUS 
LICHENIFORMIS (tab 1310/VI, 1312, 1330). 

Dr. Riley said the proposal had been made to add Bacillus 
licheniformis to Appendix C-IV of the NIH Guidelines because of 
similarity between it and Bacillus subtilis, which is presently 
on the list. She said she found no reason to believe that B. 
licheniformis is unsafe, and it could be left to local IBCs-as to 
what containment should be for large-scale application, and that 
further they would have the option to deal with it at less than 
BL1-LS, in light of the previous discussions of the day. 

Dr. Roberts agreed. He said it would be inconsistent with the 
spirit of the NIH Guidelines not to include it because of its 
similarity to an organism already on the list. 

Dr. Gellert said he agreed in general, but he asked about the 
spore-forming potential of B. licheniformis. He also raised the 
issue that in the submission fro~ Novo, it stated that if the 
proposed amendment was not agreed to, that each such non-exempt 
large-scale experiment would require special RAC review, and he 
questioned whether this would be the case. 

Dr. McGarrity said he believed that would depend on the fate of 
the amendments voted at today's meeting, but that in the worst 
possible case they would indeed have to come in with each 
individual application. 

Dr. Gellert added that the proposal is not unique to B. 
licheniformis, and this may set a precedent for other-Strains 
similar to B. subtilis. 

Dr. Fordham said as far as the organism being asporogenic, they 
assumed it would have to meet the criteria of having equal 
frequency of reversion with B. subtilis. Dr. Gellert asked that 
something denoting this be added to the language of the proposal. 

Dr. Riley then moved to approve the following: 

"In Appendix C-IV, add Bacillus licheniformis to the 
title and to the first sentence such that it would 
read: 
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"Appendix C-IV - Experiments Involving 
Bacillus subtilis or Bacillus licheniformis 
Host.-Vector systems. 

"Any asporogenic Bacillus subtilis 
or asporogenic Bacillus 

strain .... " 

Mr. Brewer seconded the motion. Whereupon, there being no 
further discussion, the motion was put to a vote by Dr. McGarrity 
and passed by a vote of 14 in favor, none opposed, and one 
abstention. 

X. FUTURE MEETING DATES (tab 1325, 1326). 

Dr. McGarrity reminded the committee of the next meeting of the 
Recombinant DNA Advisory Committee which will be October 3, 1988 
in Bethesda, Maryland, and advised members interested that the 
Human Gene Therapy Subcommittee would meet on July 29, 1988 in 
Bethesda, Maryland. 

XI. RETIRING MEMBERS OF RAC. 

Dr. McGarrity presented certificates of appreciation from the 
U.S. Department of Health and Human Services, the Public Health 
Service and the National Institutes of Health to the following 
retiring members of the committee and thanked them for their wise 
counsel and participation over their terms on the committee: Dr. 
Mitchell Cohen, Dr. Irving Johnson, Dr. Edward Korwek, Dr. Ann 
Vidaver, and Dr. David Pramer. 

Having concluded the agenda and there being no further business 
to be discussed, Dr. McGarrity adjourned the committee at 3;31 
p.m., on June 3, 1988. 
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SHIRLEY, George P., Ph.D. (ALT) 
Denartment of A~riculture 
Feooral Building, Roan 839 
6505 Relcrest Road 
Hyattsville, Maryland 20782 

301 436-8674 

FUIKERSON, John F., Ph.D. (ALT) 
Science & Education Administration 
Cooperative State Research Service 
Department of Agriculture 
213 Justin S. Morrill Building 
Washington, D.C. 20250 

202 447-5741 

DEPAR'rnENT OF ~ERCE 

GREIFER, Bernard, Ph.D. 
Regulatory & Leqislative 

Analysis Division, Room H-4877 
Office of Business Analysis 
Depart.rrent of Canmerce 
Washington, D.C. 20230 

202 377-3078 

SHYKIND, Edwin, Ph.D. (ALT) 
Trade ~velopment, Roan H-4045 
International Trade Administration 
Eepart.rnent of Canrrerce 
Washinqton, D.C. 20230 

202 377-4694 

rEPARTMENT OF DEFENSE 

DALRYMPLE, Joel M., Ph.D. 
Department of Viral Biology 
U.S. Army Medical Research Institute 

of Infectious Diseases 
Ft. retrick 
Frederick, Maryland 21701-5011 

301 663-2665 
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DEP.AR'l'MENT OF HEALTH AND HUMAN SERVICES (DHFIS) 

DHHS Alcohol, Druq Abuse, and Mental Health Adrrdnistration 

SKIRBOLL, Lana, Ph.D. 
Office of Science, Roan 13-103 
5600 Fishers Lane 
Rockville f Marylarrl 20857 

301 443-4336 

AUI'RY, Joseph H., III, M.D. (ALT) 
Office of Fblicy Coordination 
Alcorol, Drug Abuse, ard Mental Health 

Adrr\inistration 
Parklawn Buildirg, Room l2C-06 
Rockville, Maryland 20857 

301 443-4111 

DRAS Centers for Disease Control (CDC) 

GUINPJli, M.ary E., M. D., Ph. O. 
Office of the Director 
Centers for Disease Control, 
1600 Clifton Road, 022 
Atlanta, Georgia 30333 

404 639-3701 

DHHS, CDC, National Institute for OCcupational Safet~and Health 

LEMEN, Richard A .. 
National Institute for 

Occupational Safety & Health 
4676 COlumbia parkway 
Cincinnati, Ohio 45226 

513 684-8302 

DHHS Food and Drug A~nistration 

MILLER, Henry r., M.D. 
Fern and Druq Administration, HF-6 
5600 Fishers Lane, Roan 14-90 
Rockville, Marylarrl 20857 

301 443-4650 

DHHS Health Resources and Services Administration 

MMJLEY, Audrev 1M. D. 
Division of Health Service Corps 
Health Resources & Services 

Administration 
5600 Fishers Lane, Roan 7A39 
Rockville, MD 20857 

301 443-2900 
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DEPAR'IMENI' OF ENERGY 

£X.1DA, Georqe, Ph.n. 
Office of Health & 

Environmental Research, EV-33 
Department of Energy 
Washinqton, D.C. 20545 

202 353-3651 

IJEPA.~NT OF THE INTERIOR 

PlMENfF![ ... , Mariano B., M.D. 
Division of Medical & Health 

Services, Rocm 7045 
Department of the Interior 
18th & C Street, N.W. 
Washinaton, D.C. 20240 

202 343-2081 

repARI'MENT OF lAOOR 

YOOAlKEN, Ralph E. 
Office of Occupational Medicine 
USOOL/OOHA, Roan N-3653 
200 Constitution Avenue, N .W. 
Washington, D.C. 20210 

202 523-7047 

HAIMES, Stanley C. (ALT) 
Office of Occupational Medicine 
USOOLjbSHA, Room N-3651 
200 Constitution Avenue, N.W. 
washington, D.C. 20210 

202 523-7047 

DEPARIMENI' OF STATE 

UMMINGER, Bruce L., Ph.D. 
Office of International Health Policy 
Depa~nt of State, Roan 4329A. 
2201 C Street, N.W. 
rlashinqton, D.C. 20520 

202 647-4923 

DEPARI'MENT OF 'J'Rl.\NSroRTATION 

CUS~AC, George E., Ph.D. 
Research & Special PrOJral'1s 

Administration 
Departroont of Transportation 
400 7th Street, S.W. 
Washington, D.C. 20590 

202 426-2311 
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EN\1IRC!'IMENTAL ProrECTICN AGENCY 

LEVIN, Morris, Ph.D. 
Office of Research & DevelCQment, RD-682 
Environmental Protection Agency 
401 M Street, S.W. 
Washington, D.C. 20460 

202 382-5967 

MII.EmKI, Elizabeth, Ph.D. (ALT) 

l<UT2, Frederick W., Ph.n. (ALT) 
Pesticides, Toxic, & Air, ~682 
Environmental Protection Agency 
401 M Street, S.W. 
Washington, D.C. 20460 

202 382-5967 

Office of Pesticides & Toxic Substances, TS-788 
Environmental Protection Agency 
401 M Street, S.W. 
washington, D.C. 20460 

202 382-2914 

NATIONAL AERONAUI'rCS AND SPACE AIJ1INISTRATION 

DeVIOCENZI, D::>nald L., Ph.D. 
Research & TechnoloqyDevelopment, 

Code EBI'-3 
National Aeronautics 

& Space Administration 
washington, D.C. 20546 

202 755-3732 

NATIONAL SCIENCE FOlJN1l!!\TJON 

HARRIMAN, Phillip, Ph.D. 
fbysiolcgy, Cellular, & 

Molecular Biology, !ban 329 
National Science Foundation 
Washington, D.C. 20550 

202 357-9687 

VETERANS Mt'HNISTRATION 

GREEN, Richard J., M.D. 
Medical Research Service, 151 
Veterans E\drrIinistration (VACO) 
810 Verrront Avenue, N.W. 
Washington, D.C. 20420 

202 389-5041 

BERMAN, Howard M. (ALT) 
Medical Research Service, 151D 
veterans Administration 
810 Ver:rront Avenue, N .W. 
Washinaton, D.C. 20420 

202 389-5065 
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LIAISON REPRESENTATIVES 

II~, Professor Tetsuo 
Departnent of Biolcmr 
Faculty of Science 
University of Tokyo 
Homo, Tokyo 113 
Japan 

JONES, Daniel P., Ph.D. 
Humanities, science am Technolcqy 
Division ot Research Programs 
National Endowment for the Humanities 
Washington, D.C. 20506 

202 786-0207 

LaroNTAINE, Francois 
Science & Technology 
Delegation of the Cammission 

of the European Communities 
2100 M Street, N .W., Suite 707 
Washinqton, D.C. 20037 

202 862-9575 
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AD HOC mNSULTANTS 

OOTI'ESMAN, Susan K., RI. D. 
Senior Investiqa tor 
Laboratory of Molecular Bio lcqy 
National Cancer Institute, 37/4B09 
National Institutes of Health 
Bethesda, Ma~yland 20892 

301 496-3524 

LANMAN, Rooort B. 
NIH Legal MvisOt: 
Office of the General Counsel, DHHS 
National Institutes of Health, 31/2B50 
Bethesda, Maryland 20R92 

301 496-4108 

McKINNEY, Rooort W., Ph.D. 
Director 
Division of Safety, 31/1C02 
National Institutes of Health 
Bethesda, Maryland 20892 

301 496-1357 
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DEPARTMENT OF HEALTH &. HUr,\AN SERVICES 

M E ~ 0 RAN DUM 

To~ i~erni)Br."3 

Recc~bi nant 11'1;\ A,rl\l~soty C(]""1rri t: t"!0 

'F",rcm: Execut i ·>/'e Sp.cl.-etal"IJ 

Suh;r;ct ~ June 3, 1988, Meetinq - ~1ail tm I 

Public Health Service 

National Institutes of Health 
National Institute of Allergy 

and !ntectious Diseases 
Office ot Recombinant 

DNA Activities 
12441 Parklawn Drive. SUite 58 
Rockville, Maryland 20852 
(301) 770-0131 

Tilt" (text r:l80ti.oo of ttee ~,ri.~l ry~ on June 3, 1988, at thr~ ~Jationat 
Ins t: i t"tt: '~s of Rea 1. ':h, Rui Vii 11Q 31r:, Cr.mf~t'~nc~'! Poer1 :;, 9()llr) Roc~' ri.J. It'! 
pi1<e, 8~th::::s!ja, r1ar,/'.i:lnrj 208Q?. Tlv, "'1P.R':i.'1(l '.viP Melli.n "l.t 9 ::1.:"'1. 1;-.. 

wi'\ t 'ce .3, on,? i~,W 

R0011 t:f-~S'~CJat i.ons !law.! bt=L~n'11ade "'Qt- t\;8 8'.lcninCT of ,Tun(" ~, 1 gi3;:l, ~t t>e 
r~ardot:t t-:!ot:el in (3()1-r.q7-~lt()O) for o{! veu c/ho :",il' n<?oo 
ac(x::''(T1ITD(~a t. ions. 1:= VOl OJ en an.;;8 or theq,~ r::;!s(~ t.va t ion.s I 
QleasA cantact \15. LavTSon i:1 I'l1V ofFic2 at 3nl-770-D131. F0r alT;yal 
a+:ter fi p.m., a dAQOS i t in the arrollnt of one nioht f s stay b recui :-'0<1 by 

"i chAc" in tt.,.<:>, aTl'()Unt of $7! or a ;11a CD=:<'!'!. t c:3.1;-cl autnod.:;:at iOll. 
The hotel will not hold the rOOlTl past f) n.M. witl--tout a denosit. 

--~------------------~~--~~~ 

Dr. Gottesnan, "'lr. !.an11"an., and Dr:. T'4c;(inney will ~ attendinq the rn~·"'!tinCl 
as consultants. 

A preliminary list of pd/'1"lalY reviewet-,s is included in this l"1aiUru. 

Enclosed fQ!,- your con:-3ider~tion are the foUowim documents! 

Pr-oposAd IT'a ior act ions nub li she<i in Federal •••••.•••.•• 1310 ----
LarTl('-scale prmuct: {on invol vina CeDhalosr:oriUJ1'l 
acrernonium stt-ain !JT4-79-fi ••..••••.•••••••••••••••••••••..••••.. 1311 

'Propos'30 a'l'Bndment of Af')pendix C-I\' to include 
Rae i }_l US. ;I! ..... II' II' ill oil .... Ii ....... Ii ............ Ii .... " , ..... II .... Ii 1312 

Proposed arendment of Secti.on LII-B-C, •••.•••••••••••••••.•.••••. 1313 

59/40 
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Please hdnq all these materials with you to the rneetin()'. 

If 



AD HOC m ~JSU L'I'.i\NTS 

mTIESMAN, Susan K., Ph.D. 
Senior Investiqator 
Laboratory of Molecular BiolCX1Y 
National Cancer Institute, 37/4809 
National Institutes of Health 

, Malyland 20892 
301 496-3524 

LANMA"1, B. 
NIH Legal ~dvisor 
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of the General Counsel, OHBS 
Institutes of Health, 31/2B50 

, Marvland 20892 
301 496-4108 

McKINNEY, Rotert W., Ph. D. 
Director 
Division of Safety, 
National Institutes 
Bethesda, Maryland 

301 496-1357 

31/1C02 
of Health 
20892 

June 1988 
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Dt.., .. Cohen ............. " ... ill ................ III II .................................... 1310/11: ,IllO/tIL, 10/'71 , 
1311, 1312, 1313 

Or. .. ........................................ II It ...................... . •••.•• l3I0/II , 1311 

Or. Gel ...... '" -' .. '" .............................. , ..................... .. • ••• l3IG/VI, 1312 

Or. McKinney ..•.....••..••..•.•••....•.•......•.•• BIO/II, DID/III, 1311, 
1313 

Or. Pra.rrer ••.•.•....•••••••••••••••••••••...•••.•••• 1310/1I, 1310/III, 1311 
1313 

Dr. Rilev ••••••••••..•.•••.••••••••••••••.•••••••••• 1310/1I1, 1310/,,1I, 1312, 
1313 

Ot" .. Rooorts ............................ ill ... ., , " ....... " ......................... 1310~rr., 1312 
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[Billing Code 4140-01] 13/0 
DEPARTMENT OF HEALTH AND HUI'-1i\N SERVICES 

National Institutes Of Health 

Recombinant DNA Research: Proposed ~ctions Under Guidelines 

National Institutes oE Health, PHS, DHHS. 

Notice of Proposed Actions Under NIH Guidelines for Research 

Involving Recombinant DNA Molecules. 

This notice sets forth proposed actions to be taken under 

the National Institutes of Health (NIH) Guidelines for 

Research Involving Recombinant DNA Molecules. Interested 

parties are invited to submit comments concerning these 

proposals. These proposals will be considered by the 

Recombinant DNA Advisory Committee (RAC) at its meeting 

on June 3, 1988. After consideration of. these proposals 

and comments by the RAe, the Director of the National 

Institutes of Health will issue a decision on these 

proposals in accord with the NIH Guidelines. 

Date: 

COf'!'lf!1ents received by May 24, 1988, will be reproduced 

and distributed to the RAC ior consideration at its 

June 3, 1988, meetina. 

69/9 / 
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s: 

Written comwents and reco~mendations should he sub~itted 

to the Director, O~fice of Recombinant DNA Activities, 

12441 Parklawn Drive, Suite 58, Rockville, MD 20852. All 

comments received in timely response to this notice will 

be considered and will be available for public inspection 

in the above office on weekd 

8:30 a.m. and 5:00 p.m. 

For Further Information: 

tween the hours of 

Backqround documentation and additional information can 

obtained From the of:ice of Recombinant DNA Activities, 

12441 Parklawn nrive, Suite 58, Rockville, Maryland 20852, 

(30l) 770-0131. 

Supolementary Information: 

The NIH will consider the following actions under the NIH 

Guidelines for Research Involvino Recombinant DN~ Molecules: 

I. Proposed Amendment of Section I-C. 

Section I-C of the NIH Guidelines currently reads as 

follows: 

"I-C General Apolicabilitv. 

"The Guidelines are applicable to all recombinant DNA 

research within the United States or its territories 

which is conducted at or sponsored by an institution that 
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receives any support for re inant DNA research frow the 

National Institutes of Health (~IR). This includes 

research performed by the NIH directly. 

"An individual receiving support for research involving 

r inant DNA must be associated with or sponsored by 

an institution that can and does assume the responsi

bilities assigned in these Guidelines. 

"The Guidelines are also applicable to proiects done 

abroad if they are supported by NIH funds. If the host 

country, however, has established rules for the conduct 

of recombinant DNA projects, then a certificate of 

co~pliance with those ru s may be submitted to NIH in 

lieu oE compliance with the NIH Guidelines. The NIH 

reserves the right to withhold funding if the safety 

practices to be empl d abroad are not reasonahly 

consistent with the NIH Guidelines." 

In a letter dated January 9, 1987, Mr. Edward Lee Rcgers, 

Counsel for the Foundation on Economic Trends, and 

Mr. Jerewy Rifkin, Foundation on Economic Trends, 

Washinqton, D.C., proposed that the following text be 

inserted after the first sentence of the third paraqraph 

of Section I-C: 
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h d · t t' t 1 • ... t "For purposes of t e prece lng sen ence, oe erm proJec~ 

includes any research or develoowent of the r~ccmbinan~ 

organism or other product or process in question, including 

all such work that is reasonably forseeable when the NIH 

support is received. NIH support includes both money 

qrants and any tyoe oE in-kind support, including research 

conduct directly by NIH, supplies, equipment, the use 

oE facilities, and bioloqical research materials. NIH 

support has been given where the source DE funds or 

in-kind supoort is, directly or indirectly, the NTH." 

This proDosed amendment o~ Section I-C was initially 

publisheri for comment in the Federal Fe ister of March II, 

1987 (52 FR 7525), prior to a scheduled RAe meeting on 

June 15, 1987. The June 15, 1987, meeting was postponed 

and rescheduled on September 21, 1987. Accordingly, this 

proposed amendment was published again for comment in the 

Federal Register of August 11, 1987 (52 FR 29800). 

~fter extensive discussion at its meeting on September 21, 

lQ87, the RAC voted to establish a working group to make 

recommendations regardina international projects and to 

report baCk to the full RAC. 

~ Workin9 Group on International Projects met at the NIq 

on Pebruary 1, 1988. After extensive discussion, the 
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working group voted seven in favor, none opposed, and no 

abstentions that the followinq proposed r~vision of the 

last oaraqraph of Section I-C he published for comment: 

"The NIH (;uidelines are also applicahle: ( 1 ) to [")roiects 

done abroad if they are supported by NIH funds or ( 2 ) to 

research done abroad if it involves deliberate release 

into the environment or testinq in humans o~ materials 

containinq recombinant DNA developed with NIB funds and 

t~e research is a direct extension of the dev~lopment 

process. If the host country, however, has established 

rules for the conduct of reco~binant DNA projects then a 

written assurance of compliance with those rules may be 

submitted to NIH in lieu of compliance with the NIH 

Guidelines. Alternatively, if the host country does not 

have such rules, written acceptance by an appropriate 

government office of the host country is necessary in 

lieu of compliance with the NIH Guidelines. The NIH 

reserves the right to withhold funding if the safety 

practices to be employed abroad are not reasonably 

consistent with the NIH Guidelines." 

II. Larqe-Scale Production Involvino Cephalosporium 

Acremonium Strain LU4-79-6. 

In a letter dated December"4, 1987, Dr. Mark A. Pogelsong 

of Eli Lilly and Company, Indianapolis, Indiana, requests 
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approval to conduct large-scale experiments and production 

involving Cephalosporiuw acremoniuM strain LU4-79-6 under 

less than Biosafety Levell - Large Scale (BLl-LS) 

conditions. Information on C. acremonium and construction 

of strain LU4-79-6 are provided in the submission. 

III. Proposed Amendment of Section III-B-5. 

In a letter dated March 24, 1988, Dr. Joseph R. Fordham 

of Novo Laboratories, Inc., Danbury, Connecticut, requests 

that Section 111-B-5, Experiments Involvin9 More Than 10 

Liters of Culture, be amended by add ina the following 

paraqraph: 

"For large-scale (LS) fermentation experiments, involving 

non-pathoqenic and non-toxicoqenic recombinant strains of 

host organisms having an extended history of safe industrial 

use the appropriate physical containment conditions need 

be no greater than those for the host organism unmodified 

bV recomhinant DN~ techniques~ the 1BC can specify higher 

containment if it deems it necessary." 

Justification for the proposed change is included in the 

submission. 

IV. Proposed Amendment of NIH Guidelines ReqardinQ 

Transaenic Animals. 



Paqe 7 -

The RAe was asked by the NIH Institutional Biosarety 

Co~mittee to consider guidelines for exoeriments involv~nq 

transgenic animals that do not technically fall under 

the NIA Guidelines because the DNA introduced into the 

is not "recombinant DNA" as defined by the Guide-

lines. The issue is whether these types of animals 

should be covered hy the NIH Guidelines for Research 

Involvinq Recombinant DNA Molecules or other guidelines. 

The Working Grouo on Transgenic Animals met at NIH on 

March 28, 1988, and recommended a series of amendments to 

the NIH Guidelines. 

Background. On June 26, 1986, the U.S. Department of 

Agriculture (USDA) issued an "Advanced Notice of ProDosed 

USDA Guidelines for B technology Research (51 FR 23367). 

A notice in the December 9, 1986, Federal Reqister (Sl FR 

44397) stated that USDA would be proposing new provisions 

relating to aqricultural research for inclusion in the 

NIH Guidelines in lieu of the Advanced Notice of Proposed 

USDA Guidelines for Biotechnology Research published on 

June 26, 1986. USDA organized a workshop in Arlington, 

Virainia, on December 13-15, 1986, in part to develop 

proposed pui lines for plants and animals. ~roposed 

changes to the NIH Guidelines developed by USDA were 



Paqe 8 -

reviewed and revised by an NIH RAC Working Group on 

Revision of the Guidelines which met on June 22 and 

July lA t 1987. 

In this proposal, language was developed to modify Sections 

II and III of. the NIH Guidelines to refer specifically to 

containment for research with whole plants and animals. 

Containment is descrihed in the proDosed amendments 

Appendix P tor plants and Appendix 0 for ani~als. The 

suggested modifications and additions will provide guidance 

to the Institutional Biosafety Committees (ISCs) and 

Principal Investiqators (PIs) to assure safe conduct of 

such experiments. 

The proposed changes were published in the Federal Recister 

of Auqust 11, 1987 (52 FR 29800), for public comment. 

The pro~osed modifications were discussed extensively by 

the RAe at its September 21, 1987, meeting. During the 

discussion, the RAe recommended a number of changes in 

the lanauage as published for comment. The NIH is in the 

process of promulgating these proposed changes. Paragraph 

numbers cited below refer to the paragraphs as numbered 

in the Auqust 11, 1987, Federal Reqister announcement 

(52 FR 29800). 
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A. On September 21, 1987, the RAe recommended that 

paraqraph 7 as published for comment in the Federal 

Reqister of Auqust 11, 1987, be incorporated into Section 

II of the NIH Guidelines as follows: 

"Biosafety Level 1 for animals (3Ll-N) describes contain

ment which is used for animals in which the qerm line 

has been moditied throuqh recombinant DNA techniques 

(transgenic animals) and is designed to eliminate the 

possi~ility of sexual transmission of the modified genome 

or transmission of recombinant-DNA-derived viruses known 

to be transmitted only vertically (i.e., transmitted 

trom animal parent to offsprinq only by sexual reproduc

tion). Procedures, practices, and facilities follow 

classical methods of avoiding genetic exchange between 

animals." 

The Workinq Group on Transqenic Animals on March 28, 1988, 

recommended that "(transgenic animals)" be deleted from 

this paragraph. 

B. The working Group on Transgenic Animals on March 28, 

1988, reconmended that the following new sentence be 

added at the beginning of Section III-B-3 before the 

paraqraoh entitled "Caution": 
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"Experiments involving the introduction of eukaryotic 

viral genomes into the germ line of animals are covered 

in Section 111-8-4." 

c. On September 21, 1987, the PAC recommended that the 

title of Section 111-8-4 as published for co~ment in 

paragraph 32 in the Federal Fenister of Auqust 11, 1987, 

be chanaed to read as follows: 

"Reco~binant DNA Experiments Invo1vinq Whole Animals." 

The Working Group on Transqenic Ani~als on March 28, 1988, 

recommended that the title of Section 1II-8-4 be amended 

to read as follows: 

"Experiments Involving Whole Animals, Including Transgenic 

Animals." 

D. On September 21, 1987, the RAC recommended that 

paraqraph 34 as published for comment in the Federal 

Register of August 11, 1987, be incorporated into Section 

I11-B-4 of the NIH Guidelines as follows: . 

"This section covers experiments involving whole animals, 

both those in which the animal's genome has been altered 

by recombinant DNA techniques and experiments involving 

viable recombinant-DNA-modiEied microorqanisms tested on 

jo 
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whoie animals. For the latter, other than viruses which 

are only vertically transmitted, the experiments may not . 
be carried out at BLI-N containnent; a minimum containnent 

OF BLI or RL2-N is reauired." 

The Working Group on Transgenic Animals on March 28, 1988, 

recommennea that this section be anended to read as 

f.ollows: 

"This section covers experiments involving whole animals, 

hath those in which the ani~al's nome h~s been altered 

by stable introduction of DNA into the aerm line (transqenic 

animals) and experiments involvinq viable recomhinant-

DNA-modified microorqanisms tested on whole animals. 

For the latter, other than viruses which are only vertically 

transmitted, the experiments may not be carried out at 

BLI-N contain~ent; a minimum containment o€ BLI or BL2-N 

is required. 

"Caution: Special care should be used in the evaluation 

of containment conditions for some experiments with 

transgenic animals. For example, such experiments might 

lead to the creation of novel mechanisms or increased 

transmission of a recombinant pathogen or production of 

undesirable traits in the host animal. In such cases, 

( f 
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serious consideration should be qiv~n to increasi~G th~ 

containment conditions." 

E. On September 21, 1987, the recommended that a 

modified paragraph 37 as publi d for comment in the 

Federal Reaister of August II, 1987, be incorporated as 

Section 1I1-B-4-a of the NIH Guidelines as follows: 

"Recombinant DNA, or RNA molecules derived therefrom, 

from any source except for a eukaryotic viral qenome may 

be transferred to any non-human verte te or any 

invertebrate orqanism and propaqated under conditions 

of nhysical containment comparable to BLI or BLI-N and 

appropriate to the organis~ under studv [2}. Animals 

containing sequences from viral vectors, if the secuences 

do not learl to transmissihle in~ection either directlv or 

indir2ctly as a result of co~plementat n or recombination 

in animals, may be propaqated under conditions of physical 

containnent comparable to Btl or BLI-N and appropriate to 

the oraanisM under study. For exneriments involving 

reco~hinant DNA modiEied Class 2, 3, 4, or 5 orqanis~s 

(1) usinG whole animals, see Section III-B-I." 

The Working Group on Transgenic Animals on March 28, 1988, 

recommended that this section be amended to read as 

follows: 
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"Recombinant DNA, or DNA or RNA molecules derived there

from, from any source except for a eukaryotic viral 

genome may be transferred to any non-human vertebrate or 

any invertehrate orqanism and propagated under conditions 

o~ physical containment comparable to BLI or BLI-N and 

aop riats to the organism under study (2]. Animals 

containing sequences from viral vectors, if the seQuences 

do not lead to transmissible infection either directly or 

indirectly as a resul~ o~ complementation or recombination 

in ani~alsf may he pronaqated under conditions Ot physical 

contain~ent comparable to BLI or BLI-N and appropriate to 

the organism under study. Experiments involvinq the 

intr uction of other seQuences frQm eukaryotic viral 

qenomes into animals are covered under III-B-4-b. For 

experiments involving recombinant DNA modified Class 2, 

3, 4, or 5 organisms (1) usinq whole animals, see Section 

111-8-1." 

f. On September 21, 1987, the RAC recommended that 

paragraph 41 as published for comment in the Fade 

Register of August 11, 1987, be inco~porated as Section 

III-B-4-b of the NIH Guidelines, as follows: 

"For exoerirnents involvinq whole animals and not covered 

by Section 11I-8-1 or Section 111-8-4-a, the appropriate 

containment will be determined by the lBC (22,23).11 

/3 
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The Working Group on Tra n Animals on March 28, 1988, 

recommended that this section be amended to read as 

follows: 

"For experiments involving recombinant DNA, or DNA or RNA 

derived therefrom, involving whole animals, including 

transgenic anima13, and not covered by Section I1I-8-1 or 

Section 111-B-4-a, the appropriate containment will be 

determined by the IBe (22)," 

V. Proposed Amendment of Appendix A to Include Pseucomonas 

Mendocina. 

In a letter dated March 28, 1988, Dr. Burt D. Ensley of 

A~Gen, Thousand Oaks, California, requests that Pseudomonas 

rnendocina be included in Sublist A of Appendix A of the 

NIH Guidelines. Data in suppo~t of the request are 

included in the submission. 

VI. Proposed Amendment of Appendix C-IV to Include 

Bacillus licheniformis. 

In a letter dated March 30, 1988, Dr. Joseph R. Fordham 

of Nova Laboratories, Inc., Danbury, Connecticut, request 

that Bacillus Ii be included to the title and 

to the first sentence of Appendix C-IV of the NIH Guide

lines. This section would be amended to read as follows: 

1'1 



Page 15 -

"Apoendi:{ C-IV. Exoeriments Involvina Bacillus sub:~:~s 

or Bacillus lichenifor~is Hest-Vector Svst~ms. 

" Any a s po LOg e n i c B a c i 11 us sub til i S 0 r B a c i 11 u s 1 i c h e ::t i f 0 r.n i s 

strain .... n 

Data in support of the request are included In the submission. 

OMS's "Mandatory Information Requirements for Feder31 
Assistance Program Announcements" (45 FS. 39592) requi:-es 
a statement concerning the official government progra~s 
containec in the CatalOG of Federal Domestic Assistance. 
Nor.ually NIH lists in its announcements t~e number and 
title of affected individual progc:uns for the guidance of 
the public. Because the guidance in this notice covecs 
not only virtually e'le'Cy NIH pz:-o(;r=.m but also essentially 
every Federal research pcogram i~ which DNA recombi1a~t 
molecule techniques could be used, it has been dete~ined 
to be net cost effective O~ in the public inte~est to 
attempt to list these progl:'3.ms. Such a list would li:':'91y 
reGuire several additiona~ pages. In addition, NIH c8uld 
not be cert3.in that e'le>::j Federal pr8gram would be i:lcl'Jced 
as many Federal agencies, as Well as private organiz3tions, 
both national and international, have elected to follow 
the NIH Guidelines. In lieu of the individual progran 
listing, NIH 'invites readers to dir2ct questions to the 
information address above about whether individual programs 
listed in the Catalog of Federal Domestic Assistance are 
affected. 

Da ted: AprilS, 1988 

/s/ James c. Hill 

James C. Hill, Ph.D. 
Act ing Di rector 
National Institute of Allergy and 
Infectious Diseases 



December 4, 1987 

Eli Lilly and Company 

lilly Corporale Cenler 
Indianapolis. Indiana 46285 

(317) 276-2000 

Dr. William J. Gartland, Jr. 

Director 

Office of Recombinant DNA Activities 

Building 31, Room 3BIO 

National Institutes of Health 

Bethesda, Maryland 20892 

/3 , I 

Re: Petition to conduct Large Scale experiments and produc-

tion involving Cephalosporium acremonium strain LU4-79-6 

with less than BLI-LS containment conditions under the 

"Guidelines for Research Involving Recombinant DNA 

Molecules" (Guidelines) 

Dear Dr. Gartland: 

Eli Lilly and Company (Lilly) hereby petitions to conduct 

Large Scale (LS) experiments and production with recombinant 

Cephalosporium acremonium stra~n LU4-79-6 ([r]DNA strain) 

under less than BL1-LS conditions. This specific strain and 
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the physical containment conditions are more fully desc~ibed 

in the accompanying attachment. 

BACKGROUND: 

Lilly is preparing to evaluate the [r]DNA strain in a produc-

tion scale ferrnenter to determine if favorable yields of a 

cephalosporin antibiotic can be obtained under industrial 

conditions and, if so, to subsequently engage in LS 

production. 

Lilly believes that the [r]DNA strain constructed by Lilly 

scientists, like its non-recombinant progenitors, ~s non-

pathogenic and that LS-experiments and production with the 

[r]DNA strain in production scale ferrnenters under condi-

tions less restrictive than BLI-LS would pose no danger to 

humans or the environment. The basis for this belief is 

more fully described in L~e accompanying attachment in 

addition to being summarized below as follows: 

Non-[r]DNA strains of C. acremoniurn (all 

derived from a common ancestral strain ATCC , 

11550, see attachment for a discussion regarding 

importance of the ATTC designation for this 

lineage of strains) have been used safely without 

containment to a closed system at industrial scale 

for over 25 years; we believe this experience has 

clearly established the non-pathogenicity ·of the host 11 
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fungus. The difference between the [r]DNA 

strain and its immediate non-recombi~ant 

progenitor, which is currently used at an 

industrial scale, has been well-characterized 

in laboratory experiments. The [r]DNA strain 

contains an extra copy of a key C. acremonium 

antibiotic biosynthetic gene that results in 

increased production of the cephalosporin 

antibiotic. This gene and heterologous vector 

DNA, present in the {r]DNA strain in a stably 

integrated form, are described and discussed 

in detail in the accompanying attachment. 

Genetic stability of the [r]ONA strain and 

host characteristics (no sexual system, no 

transducing virus, attenuated nature of host) 

that provide biological containment of 

recombinant DNA in the [r]ONA strain are also 

described. Based on the above-noted experience 

with the non-[r]DNA C. acremonium strains, 

and the well-characterized nature of the 

[rlONA strain and its immediate non-[r]DNA 

parent strain, Lilly believes that the [r]DNA 

strain is non-pathogenic and safe for Large 

Scale experiments and production under 

conditions less restrictive than BLl-LS 

without the need for experiments beyond 

J~ 
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those described herein. Investigators 

at Lilly have experimented wiL~ the 

[r]DNA strain for eight months under BLI 

conditions in the laboratory and for four 

months under BLI-LS conditions in 150-

liter pilot plant vessels to establish 

the strain's yield superiority and to 

observe its general characteristics. 

Favorable yields were observed and the 

fundamental non-pathogenic characteristics 

of the C. acreroonium host were not changed 

by the presence of the recombinant DNA. 

Lilly believes L~at the [rlDNA strain may 

be considered or classified as a product of 

self-cloning experiments because the con-

struction of the [r]DNA strain involved in-

sertion of DNA from C. acremonium strain ATCC 

11550 back into a non-recombinant derivative 

of ATCC 11550 using a vector. Although the 

vector contains heterologous DNA, that DNA 

in the [r]DNA strain does not change the non-

pathogenic character of the host and does not 

present a significant risk to health or the 

environment. 

( q 
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If this petition is granted, Lilly intends to conduct LS

experiments and, if LS-experiments justify, subsequent 

production with the [r]DNA strain in industrial scale 

fermenters under conditions less restrictive than BLI-LS, if 

its IBC concurs. 

Sincerely, 

ELI LILLY AND COMPANY 

Dr. Mark A. Foglesong 

Secretary, Institutional Biosafety committee 

MAF:pkp 
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NATURE OF CEPHALOSPORIUM ACREMONIUM STRAIN LU4-79-6 

Parent of strain LUA-79-6 : C. acremonium strain 394-4 is the immediate parent 
of strain LU4-79-S. C. acremonium strain 394-4 was derived from C. acremonium 
strain ATCC 11550 by many rounds of mutation/screening and mutation/selecticn far 
improved production of cephalosporin C. Recombinant DNA technology was not used. 
C. acremonium strain 394-4 has been used more than 5 years safely at production 

scale in the manufacture of cephalosporin antibiotics without evidence of any 
pathogenicity. 

General descdptiQO Qf AIQQ 11 ~50 and its oon-recombinant dedvatjves 
NOMENCLATURE: Parenteral cephalosporin antibiotics are manufactured from cephalosporin C, a natural 
product of a non·pathogenic lineage of filamentous fungal strains. which consists of the original 
ancestral strain, ATCC 11550, and its non· recombinant derivatives such as strain 394-4. ATCC 
11550 and its derivatives represent one of many spacies of morphologically similar filamentous fungi 
that have been grouped together under the name. hyphomycetes, by W. Gams (Cephalosporium·like 
Schimmelpilze (Hyphomycetes). Gustav Fisher Verlag, Stuttgart. 1971]. It is important to distinguish 
A TCe 11550 and its derivatives from other hyphomycetes which have been designated wilh the 
following species names: Cepha.losporium acremonium, Cephalosporium chrysogenum. Acremonium 
chrysogenum, and Acremonium strictum. Various investigators have referred to ATCC 1'550 and its 
derivatives by ~ of these species names and other investigators hava referred to some pathogenic 
fungi with lb.a ~ species names; many different fungi bear or have borne these same species 
designations. Biochemical traits that give rise to pathcgenlcity have not been used as (he basis for 
assJgning these specJes designations. Thus pathogenIcity or non-pathogenicity cannot be assumed on the 
basis of the species designations. However, association of traits with a particular culture type [such as 
ATCC 1155O} which Is preserved In a recognized culture coilection r such as the American Type Culture 
Collection (ATCC)J under a ~ coUection number, Is unambiguous. Therefo{s to rerer unambigously 
to the fungal strains that served as the progenitors of the recombinant strain LU4·79·6 one should 
always use the unique designatJon • ATCC 11550 and derivatives·. The species designation associated 
with the ATCC dasisnatfon Is of less Importance; continued use of the original spedes name has the 
advantage of constancy. 
NATURAL HABITAT. Hyphomycetes have been Isolated from soil, decaying plant material, and in the 
case of ATCC 11550, from sea water near a sewage outfall off the Sardinian coast [G. Brotzu, 
Richerche su dl un nuovo antibiotlco. lav.lst Ig. Cagliarl, 1948; Abraham; Pharmacal. Rell. 14,473. 
19621· 
GROWTH REaUIREMENTS. ATCC 11550 and most high-yielding derivatives used Industrially to produce 
cephalosporin C are able to grow on minimal media and require no spedal nutrients for survival. In 
fact, mutations which Introduce a nutrient requirement usually lower production of cephalosporin C. 
TEMPERATURE RANGE FOR GROWTH. ATCC 11550 and its derivatives grow best at about 27 C and 
grows poorly at temperatures aboVe 30 C and virtually not all at 37 C and above. This characteristic 
makes it highly unlikely that ATCC 11550 and its derivatives could ever cause an opportunistic 
Infection in mammals. Not surprisingly no opportunistic Infection with ATCC 11550 or its derivatives 
has ever been reported among employees that work with this fungus at Industrial scale. This use 
covers a period of approximately 25 years. Again fhe specific natura of ATCC 11550 and its 
derivatives must be emphasized as distinct from other fungi that have been classified as varieties of 
the Cephalosporium acremonium, Cephalosporium chrysogenum, Acremonium chrysogenum, 0( 

Acremonium strictum. The range of temperaWI'8S allowing growth of ATCC 11550 and its derivatives 
Is not characteristic of all fungi bearing these species desIgnations. Some fungi classified as varieties of 
Acremonium strictum may be able to grow at 37 C. 
SPORULATION. As Indicated by W. GaInS. ATCC 11550 Is notable for its poor conld!a.tion. Conidial 
spores are produced when the strain grows on solid medium so that spore-bearing aerial myceRa. 
conidiophores. can be fonned. High-yielding derivatives of ATeC 11550 fonn even fewer conidia than 
ATCC 11550. Vegetative hyphae of ATCC 11550 and high.ylelding derivatives of ATeC 11550 
fragment after exponential growth In liquid medium. 80th conidia and fragmented hyphae are similar 
to vegetative hyphae In their sensitivity to adve/'58 conditions and appear to serve merely as a means 
for dispersal. 
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GROWTH RATE: The growlh rate of ATCC 11550 is slower than most soil organisms, e.g. bacteria such 
as Streptomyces and Pseudomonas spedes and fungi such as Aspergillus species. The high-yielding 
derivatives of ATCC 11550 grow several times slower than the wild type ATce 11550. Co-inoculation 
of equal numbers of spores of a typical high-yielding strain and ATee 11550 onto enriched agar medium 
results, after a week's growth at 25 C, In a contTuent lawn of ATCC 11550. less than one per cenC of 
cells are represented by the slower growing high-yielding strain. 
MECHANISMS BY WHICH ATee 11550 EXCHANGES GENETIC INFORMATION. Exchange of genetic 
information Is rare in ATCC 11550 and Its derivatives. ATCC 11550 has no sexual system and 
reproduces solely by mitotic division. Rare heterokaryon formation can be demonstrated by inoculating 
ca. 106 conidia of each of two different stable auxotrcphs of ATeC 11550 or Its derivatives onto 
supplemented medium, allowing growth to connuency {e.g. 109 viable count). Removal of the mycelial 
mat, wash of that mat, fragmentation of the mycelia, and plating on minimal medium can yield ca 10 
helerokaryons. Under optimal conditions one heterokaryon may be formed per 108 colony forming units 
after such a process. Induced mitotic segregation may yield ca. 50 recombinant progeny from the 
helerokaryons. The frequency of genetic recombination can be Increased 100 fold if call walls are 
removed and protoplast fusion Is brought about by special laboratory manipulations. Attempts have 
been made to form stable heterokaryons of ATCC 11550 with other fungi. e.g. Penicl7/ium chrysogsnum, 
using protoplast fusion without succass. It may be safely surmised from laboratory expenence that 
ATCC 11550 and its derivatives when present, diluted in sewage or soil, would recombine at a 
negligible rate with itself and even mare rarely. If at aU, with other fungi or bacteria Natural genetiC 
exchange 0' ATCC 11550 with other organisms has never baan documented. 

General Safe~ of C. acremooium: Strains of C. acremonium derived from 
ATCe 11550 have been used for over twenty-five years in the production of 
cephalosporin C for manufacture of parenteral cephalosporin antibiotics, e. g. 
cephalothin. cefazolin, cefamandole. The production is world 9 wide by more than 10 
major pharmaceutical companies. No indication of pathogenicity of these C. 
acremonium strains has ever been observed. In addition, C. acremonium ATCC 
11550 and derivatives of this strain have been studied in universities throughout the 
world and no indication of pathogenicity of those strains have been observed. The 
literature [e.g. see below] on the biosynthesis and manufacture of cephalosporins by 
C. acremonium [ATCC 11550 and derivatives] has been reviewed many times; no 
indication of pathogenicity for these strains has ever been cited [Attachment #1], 

Many experts have extensive experience working with strains of C. acremonium 
[derived from ATee 11550] in industry (e.g. Dr. Stephen W. Queener at Ully) and/or 
university and are qualified observers of the non-pathogenic nature of C. acremonium 
at the production level and/or laboratory level. (f desired. a partial list of experts from 
other pharmaceutical companies and from universities can be provided. For the most 
part, those names can be derived from the list of authors of reviews given in 
Attachment #1. 

The British counterpart of ORDA--the Health and Safety Executive-acting on the 
recommendation of the Genetic Manipulation AdviSOry Group at Medical Research 
Council--the British counterpart for RAG--formany recognized the non-pathogenic 
nature of Cephalosporium acremonium • ATee 11550 and derivatives. [a/so 
designated Acremonium chrysogenum] in 1979 by exempting the organisms from 
statutory notice for self-cloning experiments [Attachment #2]. 

Transforming DNA used to produce Co acremonium strnin LU4-79-g= 
C. acremonium strain LU4-79-6 was obtained by transforming C. acremonium 

strain 394-4 with plasmid pPS56 (Attachment #31. Transformation of C. acremonium 
has been described previously [Attachment #4 and #6J. 

pPS56 contains the following genetic elements: (1) E. coli origin of replication 
[CoIE1 ori, source pBR322 via intermediate plasmid pMLC12 [Attachment #5]. (2) d 3 
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M13 ori, source plasmid pMLC12 [see Attachment #5 ] (3) chloramphenicol acetyl 
transfe rase rCA 11 gene [source pBR328 via intermediate plasmid pMLC12 [see 
Attachment #5]. (4) hybrid hygramycin B phosphotransferase [HPn gene 
[Attachment #6J. This gene was constructed by splicing the promoter sequence from 
the C. acremonium isopenicillin N synthetase gene [Attachment #7] to the open 
reading frame of an HPT gene from E. coli [Attachment #81. The E. coli strain was 
isolated from swine intestine. (5) the C. acremonium expandase/hydroxylase gene 
[Attachment #9] from C. acremonium strain ATCC11550. 

All other DNA present in pPS56 represents either C. acremonium sequences 
which were adjacent to the expandaselhydroxylase gene in the C. acremon;um 
genome or represent short. non-coding, heterologous DNA sequences. The latter 
sequences serve to connect the genetic elements in pPS56. Their presence reflects 
the mechanics of constructing pPS56. 

Location and stability of transforming DNA in C, acremonium strain LU4ft 79-6 
The transforming DNA in C. aeremonium strain LU4· 79-6 is stably integrated into 

the high molecular weight DNA of the transformant [Attachment #10]. The insertion 
is stable and addition of hygromycin B to fermentation media is not required for 
maintenance of the inserted transforming DNA or for maintenance of the transformed 
phenotype: (1) resistance to hygromycin B (2) increased intracellular expandase 
activity (3) increased conversion of penicillins to cephalosporin C. The high molecular 
weight DNA of C. acremonium strain LU4-79·6 is believed to be a poor transforming 
agent; attempts to transform E. coli to chloramphenicol resistance with total C. 
acremonium LU4-9·6 DNA have failed (see below). 

Character of genetic elements in transforming DNA of C. acremQnium strain LU4-79-6 
Genetic elements that are not expressed in C. acremonium LU4-79-6: 

CalE1 origin of r~QIiQatjQD. The CoIE1 origin of replication in pPS56 does not 
function in C. acremonium strain LU4-79-6. No freely replicating forms of pPS56 can 
be detected in the C. aeremonium transformant This origin allowed large amounts of 
pPS56 to be made readily (from E. coli ) to aid transformation of fungus with pPS56. 

M13 origin Qf repliQatioD. This origin encodes no proteins. It does not function 
without other genes present in helper or intact phage Isee Attachment #5] and 
therefore could not function in C. acremonium. This DNA serves to connect the CAT 
gene and CoIE1 ori in pPS56. 

CAT gene. pPS56 transforms E. coli to chloramphenicol resistance efficiently 
however, there is no free pPS56 in strain LU4-79.s. The CAT gene is not expressed 
in C. acremonium strain LU4-79-6 [Attachment #12]. The CAT gene allowed large 
amounts of pPS56 to be made (in E. coli ) to aid transformation of fungus with pPS56. 

Genetic elements that are expressed in C. acremonium LU4-79-6: 
I:h::btid HPI g~D~. The HPT gene of pPS56 is a hybrid, dominant. selectable 

gene that codes for hygromycin B phosphotransferase [HPT], an enzyme that 
catalyzes the phosphorylation of hygromycin B. Hygromycin 8 is an aminoglycoside 
antibiotic. ATCC 11550, strain 394·4, and intermediate strains of this C. acremonium 
lineage are sensitive to hygromycin B. Expression of the hybrid HPT gene in C. 
acremonium transformants [Attachments #11 Be 4] imparts resistance to 
hygromycin B; the phosphorylated form of hygromycin B is not toxic to C. acremonium. 

Expandase/hydroxylase gene. This natural C. acremonium gene codes for a 
bifunctional enzyme, expandase/hydroxylase. which catalyzes the conversion of 
peniCillin N to deacetoxycephalosporin C and catalyzes the conversion of the latter 
compound to deacetylcephalosporin C. These steps occur in the biosynthesis of 
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cephalosporin C. The presence of an extra copy of the expandase/hydroxylase gene 
in C. acremonium strain LU4~ 79~6 results in increased production of 
expandase/hydroxylase relative to parent strain 394-4 [Attachment #131. Increased 
intracellular concentration of expandase/hydroxylase correlates to increased 
conversion of penicillin N (less penicillin excreted) into cephalosporins (increased 
production of cephalosporin C) relative to parent strain 394-4 [Attachment #13]. 

Safety of Strain LU4~ 79-6 
- Recombinant strain is non-pathogenic. Strains of C. acremonium that contain 

the above genetic elements stably integrated into their genomes could not reasonably 
be expected to be rendered pathogenic by virtue of integration of the DNA in pPS56. 
C. acremonium has been subjected to mutagen treatment and selection for over 25 
years and no pathogenic strain has arisen. The likelihood of inducing pathogenicity 
due to the physical presence of inserted pPS56 DNA into a genetic element of the C. 
acremonium genome is therefore not reasonable. The expression of the HPT gene in 
C. acremonium and presence of this enzyme in the cytoplasm [Attachments 4&111 
could not reasonably to expected to render C. acremonium pathogenic. The CoIE1 
ori, M13 ori, and CAT gene are not expressed in C. acremonium LU4-79-S and 
presence of these elements in C. acremonium could not reasonably be expected to 
render C. acremonium pathogenic. Eight months of observation in the laboratory 
under BL 1 conditions and four months observation in the pilot plant under BL 1-LS 
conditions confirm the expected non-pathogenic character of strain LU4-79-S. 

Presence of resistance genes in recombinant strajn cannot adversely affect 
treatment of infectious bacteda. The chloramphenicol acetyl transferase [CA 11 gene 
and the open reading frame of the hygromycin B phosphotransferase [HPT] gene 

( already exist in nature and in bacterial pathogens. Chloramphenicol is used in clinical 
medicine to treat a few bacterial pathogens. The use is narrow because of the 
toxicity of chloramphenicol. C. acremonium and fungi in general are not sensitive to 
chloramphenicol at clinically useful concentrations used to kill bacteria. 
Chloramphenicol is therefore not used to treat fungal infections. Hygromycin B is used 
to treat bacterial dysentery in swine. Hygromycin B is relatively toxic and is not 
approved for use in human medicine; it is also not approved for treatment of fungal 
infections in animals or plants, and approval is not being sought or considered. 

C. acremonium is an asexual fungus, i.e. it lacks a system for genetic exchange. 
C. acremonium has an endogenous dsRNA mycophage which is transferred only 
through spores; no phage-mediated gene transfer has ever been observed. The 
genetic isolation of C. acremonium is familiar to all who have worked with this fungus 
in the laboratory. The probability of transfer of the CAT and/or HPT gene from 
integrated forms in the genome of C. acremonium to a bacterium is virtually 
nonexistent and certainly less than transfers among bacteria that certainly do occur 
frequently. Attempts have been made to transfer HPT gene from C. acremonium strain 
LU4-79-6 to C. acremonium strain ATCC 11550 during mixed gro'Nth of these strains [ 
Attachment #14]. No transfers were observed. Attempts have been made to 
transfer pPS56-derived CAT gene from C. acremonium strain LU4~7g-6 to E. coli by 
cell to cell interaction and by exposure of total DNA from LU4~79-6 to E. coli [ 
Attachment #14]. No transfers were observed. The high molecular weight DNA of C. 
acremonium LU4-79-6 is believed to be a poor transforming agent. Even if a rare 
transfer of the CAT or HPT gene from a C. acremonium strain to a bacterium 
occurred, this would represent a negligible addition to the pool of bacterial 
chloramphenicol resistance genes and hygromycin B resistance genes already 
present in nature. Little or no expression of the HPT,open reading frame via fungal ~ j 
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promoter in the hybrid gene would be expected upon transfer of that gene to a 
bacterium. 

C. acremonium strains used for production of cephalosporin C at production 
scale are at a ~ competitive disadvantage with respect to the original wild type 
fungal strain or streptomycetes abundantly present in the soil. Strain 394-4 and 
LU4-79-6 grow much more slowly and form far fewer conidia than the wild type fungus 
and soil streptomyces. The competitive disadvantage has been demonstrated in the 
laboratory by inoculating equal number of wild type and production strain cells to agar 
medium. Confluent growth recovered from the medium was predominantly (>99%) 
wild type. 

PHYSICAL CONTAINMENT CONDITIONS INTENDED FOR LS EXPERIMENTS AND 
PRODUCTION WITH LU4-79-6 

LS experiments in industrial scale fermenters are required to determine if 
superior cephalosporin C yields, previously observed for LU4-79-6 in the laboratory 
and pilot plant, can be obtained under production-like conditions. LS experiments 
and, later, production with LU4-79-6 would be carried out in 68,000 liter stainless steel 
fermenters, each equipped with cooling coils and flat-bladed turbine-driven agitators. 
Stacked Clipper Oil Seals (lip seals) at the opening where an agitator shaft enters a 
fermenter would restrict egress of the LU4-79-6 cells from a fermenter and would 
minimize entry of organisms into the fermentar. Exhaust gas from a fermenter would 
not be 'FIltered, but a tangential-entry cyclonic separator would rastrict loss of LU4-79-6 
cells via the exhaust gas. A fed-batch fermentation with forced aeration would be 
carried out. After fermentation, the culture of LU4-79-6 cells would be pumped from a 
fermenter to a belt filter and LU4-79-6 cells would be separated from broth by the belt 
filter. Any cells remaining in the belt-filtered broth would be removed by a 
resin-mediated acidification step and a press filter. Cells removed by the belt filter 
would be sent to a holding tank. The above process will be run in accordance with 
good industrial large scale practice. 

Effluents containing significant quantities of LU4-79-6 cells, e.g. rinse water from 
the belt filter and contents of the holding tank, would be inactivated prior to removal 
from the facilities used to manufacture cephalosporin antibiotics. These physical 
conditions would limit introduction of viable LU4-79-6 cells into the environment and 
would prevent the release of high concentrations of viable LU4-79-6 cells. Ully 
believes that strain LU4-79-6 is safe and that viable cells of this organism, which 
would reach the environment in low concentration using the above process, are not 
hazardous to man or his environment. 

A schematic of the process for preparing cephalospOrin C with LU4-79-6 and for 
Isolating cephalosporin C from the broth produced by LU4-79-6 is shown below. 

Dr. Stephen W. Queener, Senior Research Scientist, Eli Ully and Company, 
IndianapoliS, IN 46285 
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The extensive literature on biosynthesis and 
manufacture of cephalsporins by C. acrarnonium cite no 
evidence for pathogenicity, see. partial list of reviews 
below: 

1. Bunnell, C. A., Wayne O. Luke, and Fred M. Perri, Jr. "Industrial Manufac:ure of 
Cephalosporins." in Beta-lactam Antibiotics for Clinical Use. Ed. S. F. Queener, J. A. 
Webber, S.W. Queener. Marcel Dekker, Inc., New York (1986) pp. 255-283. 
2. Ball, Christopher. "Filamentous Fungi." ;n Genetics and Sreecing of Industrial 
Microorganisms. Ed. C. Ball. CRG Press, Inc. Boca Raton, Florida. {1984} pp. 
159-188. 
3. Elander, Richard P., and Hatsuo Aoki. "Beta-Iactern-producing Microorganisms: 
Their Bio[ogy and Fermentation Behavior." in Chemist"'l and 8iorot;;v of 6eta-Iactam 
Antibiotics. Volume 3. Ed. R. B. Morin and M. Gorman. Academic Press. New York. 
(1982), pp. 83-153. 
4. Queener, S. W. and N. Neuss. "The Biosynthesis 01 Beta-lectam Antibiotics." In 
Qhemi~try and 8io!og):' of Beta-ladam Antibiotics. Volume 3.. Ed. R. B. Morin and M. 
Gorman. Academic Press. New York. (1982), pp. 83-153. 
5. Fujisawa, Y. "Studies on the Biosynthesis 01 Cephalosporin C." J. Takeda Res. Lab 
36 (1977) pp. 295-356. 
6. Treichler, H. J., M. Liersch and J. Nuesch. "Genetics and Biochemistry of 
Cephalosporin Biosynthesis" in Antibiotics and Other Secondary MetabQ[iles. FEMS 
Svmp"..Qlh Ed. R. Hutter, T. Leisinger, J. Nuesch. and W. Wehrli Basel, Switzerland, 
Academic Press, london (1977). 
7. Demain, Arnold L. "Biochemistry of Penicillin end Cephalcsporin Fermentations," 
Llyodia 37,(1974) pp 147-167. 
8. Abraham,' E. P. and G.G.F. Newton "Penicillins and Cephalosporins." in lmtibiotics 
Vol. 2 Ed. D. Gottlieb and P.O. Shaw. Springer-Verlag, New York, pp. 1-16. 
9. Abraham. E. P. and G.G.F. Newton. "The Cepha!osporins" Ad".. Chemotherapy 2, 
(1965) pp. 23-96. 
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GMAC NOTE 8 SUPPLEHENT 1 

This Note should be read in conjunction with CMAC Note 8 (MaTch 1979) 

" 

'Self-cloning' exeeriments 

The Health and Safety Executive has accepted the Croup's advice that self-
cloning experiments using the following organisms should be added to those 

,exempted from statutory notification~: 

a) Nonppathogenic 5trains 01 Streptomyces 

b) Non-pathogenic strains of Hicromonospora 

c) Strains of Nocardia mediterranei 

d) Klebsiella eneumoniae strain H ~al 

e) ~remonium chry,ogenum 

f} Penicillium chrysogenum 

g) Bacillus thurin~iensis 

h) House cells with polyoma virus (ie cloning mouse ONA 
back into mouse c~lls) 

Use or the products or genetic manipulation 

The Croup advise that the products of any of the '.srtf-cloning ' experiments 
listed above and also clones which a~e constructed l'j the insertion of Xenopus 
laevis vitellogenin mRNA sequences may be used under conditions of good 
mlcrobi~logical practice. 

December 1979 



Plasmid pPS56 was used to transform production strain 
394-4 to produce transformant LU4-79-6. Strain LU4-79-6 
contains tl18 natura.l expandase/hydroxylase gene plus an 
additional copy of that gene in the form of pPS56-derived 
DNA inserted stably into the C. acremonium genome~ 

pPS!56 

.. -_ .... ,,-----
Restriction site and functIon map of plasmId pPS56. 

Total slze of thfs pfasmld' rs approxImately 12,060 base paIrs. 

DNA for deUvery bad< Ioto ~. acremanjum : 
cEXP/HYO ::: a 7.tJ kb fragment of C. scremonA:Jm DNA which cames the 

expandaseltrydroxytase gene (note: 1her8 are at least 3 more HJnd3 
sites within this fragment, urmapped at this time] 

tM)dd HPT gene (for selectfgo Jo G. at;mmonfum 1: 
clPNSp = promoter from the IsopenlcJ1lJn N synthetase gene of C. scmmonJum 
HPT ort = open readIng frame from the hygromycln e-phosphotransferase gene of 

Eccl. 

genetic elern.eots JQ allow Dreca[ation of DES56 in £ cali : 

Nhe' 

HlnCl2 

P.t.1 

Bc:omH1 

M13 art = M13 origin of DNA replication (no function, present due to construction mechanics) 
on :;; eofE1 orfgfn of reprrcatJon (for replication of pPS56 in E coil) 
CAT::: chloramphenicol acetyl transferase gene from E. coil. (for seledion in E cali) 30 
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A System for Genetic Transformation of Cephalosporium 
acremonium 

s. w. QUEENER. T. D. lNGOLlA, P. L.. SKATRUD, J. L. CHAPMAN, AND K. R. KASTER 

Eli Lilly and Company. Indianapoli:r, Indiana 016285 

Industrial strains of the fungu5 Cephalospor. 
ium acrl!moTlium produce large amounts of a 
beta·lacum antibiotic, cephalosporin C. which 
is chemically modified to manufacture a number 
of clinically important pan:nteral cephalosporin 

. antibiotics, e.g., cefamandole and cephalothin 
0). The growth of the wild type or industrial 
strains of C. aCfemonium is not inhibited by a 
variety of beta-lac tam antibiotics, including 
cephalosporin C. Several bacteria produce beta
lactam antibiotics, but because of the bacterial 
peptidoglycan cell wall structure, their growth 
can be inhibited by these antibiotics if the anti
biotics reach and react with $Crlsitive mem
brane·bound "penicillin-binding proteins." By 
applying recombinant DNA technology to C. 
acumonium, it might be possible to fennent 
large amounts of ~ta·lactam compounds that 
are more useful than cephalosporin C as starting 
materials for the manufacture of cephalosporin 
ant.ibiotics. To apply recombinant DNA meth
ods to C. acumonium, we have constructed 
plasmid pm21 (Fig. 1) and have devised condi· 
tions which allow this plasmid and related con
structs to genetically transfonn C. acremol'lium. 
The following genetic elements were included in 
pm21 to make it a useful vector for cloning 
DNA into C. acr~moniu.m. 

(i) The origin of DNA replication and the 
ampicillin resistance marker of pBR322 were 
included on a 2.8-kilobase (kb) fragment {Fig. I, 
repon bounded by the 8 o'clock Pst! site and the 
12 o'clock SafllXhol junction}. These clements 
allow plTIlI to transform Eschtrichia coIL 
Large amounts of pIT221 are easily obtained 
from ampicillin-resistant E. coli transformants. 

(ii) An autonomous replication sequence was 
included in pIT221 on a 1.9-kb fragment of C. 
GCfI!monium mitochondrial DNA (Fig. I, region 
bounded by the 5:30 and 8 o'clock PS/I sices) to 
increase the frequency of transformation of C. 
acn:monium by the plasmid veClor. Per micro
gram of transfonning DNA. Saccharomyces 
cerevisiae (yeast) replicative plasmids (YRp), 
e.g., YRp7, produce SO- to 5.000...fold more yeas.t 
transformants than S. cereviJ'ial! integrative 
pIasmids (YIp; e.g., YJpS) (8). The 1.9·kb C. 
Qcremonium mitochondrial DNA tragmenl, 
when inserted into YIp5, produced plasmid 
pPSI (.5), which replicates in S. cerevisiae. 

Thus, by definition (7), the fragment is an au
tonomous replic3tion sequence. Esser and 
Tudzynski (9) have suggested that this fragment 
contains a C. acremonium origin of replication. 

(iii) A hybrid gene, known to be dominant and 
selectable in S. ctrl!visiae (3). was included in 
pIT22l. In lieu of a C. acremonium promoter. 
which was not available, a promoter from the S' 
end of the yeast phosphoglycerol kinase gene 
was spliced, in correct translational phase, to 
the prolein-coding region of a bacterial gene to 
obtain the hybrid gene. When the bacterial 
protein-coding region is transcribed and its 
mRNAis translated, ahyg;romycin phospnotrans
ferase (liP!) is fanned, and this enzyme phos
pnory[ates the broad-spectrum aminoqc!ito[ an
tibiotic bygromycin B (4). Hygromycin B at low 
concentration. e.g .• 10 .... g/ml. in the absence of 
magnesium ion and other antagonists, kills C. 
QCf/!:monium. However, the phosphorylated 
product formed from ATP and hygromycin B by 
HPT catalysis is not toxic to C. acrl!monium, 
even when present al 1 mg/ml. The hybrid HFT 
lene in pIT221 is bounded (Fig. 1) by the S 
o'clock BamHI site and a 2:30 BamHIJBgnI 
junction (end of arrow point, Fig. 1). 

(iv) A unique SphI site for cloning was in· 
cluded in a nonessential fragment of p13R322 
present in the O.275·kb region of pm21 
bounded by the C. acremonium autonomous 
replication sequence and the hybrid HPT gene. 
A nonessential. nonfunctional Sma[ fragment of 
bacterial DNA (Fig. I, smaller region bounded 
by SmaI sites at 11:58 and approx.irnalely 1 
o'clock) was also included in pm21 and may be 
replaced by cloned SmaI fragments. 

Before attempting to transform C. acr~moni-
11m, the biological activities of the C. Dcumani· 
11m autonomous replication sequence and the 
hybrid HPT gene, now present in pIT221, were 
retested in S. ctrl!'ViJja~. These elements were 
active in the parent plasmids used to construct 
pIT221. and restriction mapping demonstrated 
the presence of the elements in pIT221 (Fig. I), 
but mappin& could not rule out minute inactivat· 
ing alterations durine c:onslnlction. Therefore, 
pm21 was used to transform the hygromycin 
a-susceptible (HgmB') S. c~rt!visia~ strain DBY-
746. DBY-746 contains no pBRJ22-hybridizing 
DNA sequences. Covalently dosed circular and 
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flO, 1. RC$triction map of plasmid vector pInll. 
Sec text for description oC aenetic elements and clon
ing sites in plasmid. 

open-circle forms of pIT221 were observed as 
pBR322-hybridizing DNA5 in the hygromyc:in
resistant (HsmB') tr.I.nsformant pIT221-DBY-
746 (Fig. 2)_ Thus, both the replicating activity 
of the autonomous replication sequence and the 
hygromycin B-detoxifying activity of the hybrid 
HIT gene in pm21 were demonstrated. HgmB' 
segregants were observed to arise spontane
ously from the HgmBr transformant, pIT221-
DBY-746, at high frequency. as expected for 

- spontaneous loss of the plasmid bearing the 
autonomous replication sequence and HPJ, 
pm21. A systematic examination of many con
ditions led to the discovery of parameters that 
allowed pm21 to transform C. tJCTemonium. To 
our knowledge. a system for the genetic trnns· 
formation of this fungus bas not been published 
in a scientific journal or proceedings and, there· 
fore, the conditions are outlined below. 

To obtain C. acrltmollilAm protoplasts which 
are transformable. hyphae in the correct physi
ological state can be 'prepared reproducibly by 
starting from a frozen conidial suspension. The 
hyphae are obtained from this seed by growth in 
a minimal-base medium containinl (in grams per 
100 ml); sucrose, 3.16; glucose:, 0.22; L-as· 
paragim::, 0.1.5; ammonium acetate. 0.022; potas
sium dibydrogen phosphate, 1_5; dipotassium 
monohydrogen phosphate. 2.1; sodium sulfate, 
0.075; magnesium sulfate heptahydrate. 0.018; 
calciUm carbonate, 0.2; caJcium chloride. 0.006; 
and (in milliliters) corn steep liquor (4% 
nitrogen), 0.05; salts solution, 0.1; and water . 
Salts solution contained (grams per liter): 
Fe(NHJ(SO~h • 6H10, 1.5; MnSO.· 4H10, 3; 
ZnSO •• 7H10, 3; and CuSO •. SHlO. 0.8. D,ura-
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tion of culture should be sufficient to supply 1 g 
of cells in log-phase growth at 29"C. One gram .. of 
hyphae is removed and treated for 90 min at 
25rC with 10 mM dithiothrcito! to reduce 
disullide bonds in cell walls. Dithiothre
hoi-treated cell walls are dIectively removed 
without loss of transformability of cells by diges
tion with jl.g.Iucuronidase at 25 mg/mI in the 
presence ofMdlvaine's buffer (neutral pH) con
taining osmotic stabilizer. 0.8 M NaG, and 
physiological stabilizer, 0.02 M MgSO •• for 3 h 
at 25rC. Pro[opiasts are separated from any 

5.4 - 5.4-
4.8 - 4.8 3.5-- 3.5 
3.3 - 3_3 

2.8-- 2.8 
2.5 -

1.9 - 1.9 

FIG. 1. Biolosieal activities of the C. QCTl!moniulfI 
autonomous replication sequence and the hybrid HPJ" 
pne in pIT.221 demonstrate1:i by the acquisition of the 
Ham' phenotype concurrent with the physic:a.J acquisi. 
tion of the c:ovalently elosed circular and multimeric 
form oC pIT.221 in yeast transionnatlt (YT) "m21-
DBY7"'. Total DNA wu extracted from parent S. 
Cl.'rtvuiat strain DBY ·746 and from two transformants 
of DBY-746 prc:pa.n:d by Cal+/po[yethyleM slyeol· 
mediated uansfonnation (method or BellP [Ill by 
plasmids YRp7 ('.7 kb) and pIT221 (8.1 kb), respec-
tively. Seleetions were for tryptophaa indepetlden~ 
(transform.a.nt YRp7-DBY-746) and hygomyan resist
ance: (plT221-DBY-146). DNA! from c:acb strain were 
lepazated by aprose pi electrophoresis. and sepa
tated DNAs were probed with lip-labeled pBR312. 
SC)UI'1:C oeDN A (3 J.L& each lane) was as follows: lane I, 

• YRp7-DBY-746; lane 2. lambda (DNA applied after 
digestion with EcoRI and BamHl)~ lane 1. DBY·746; 
lane 4, pITlll.DBY-746. Spc:cilh: activity of probe is 
lAS X lot cpmlp.g. 
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FIG. 3. Presence of pITnl DNA in the high·molecular·weight DNA or total DNA from HgmB' pIT221·C. 
Ilcrf!monium transformant Tl. Total DNA was extncted !rom n and from the untransfonned HiffiB' C. 
acrf!mOnium parental strain. ATCC llS50. DNA molecules in each extract were separated by agarose gel 
cle:ctrophoresis and probed (6) with np-labeled pBR322. As a po1itive control, toW DNA was extracted from a 
yea5t transformant. YRp7-DBY·746. known to carry a freely replicatina plasmid (Yllp7) composed, in part. of 
pBR322 sequences. As a negative: control, tOtal DNA was extracted from the untransfonned pare:ntai yeast 
strain. DBY ·746, which is known no! to contain ally DNA with pBR322 sequences. Souru of DNA (3 jLi. each 
lane) is as follows: lanes 1, 4, and 9, lambda (DNA applied after diKestion with EcoRl and BamHD; lane 2, 
YRp 7·DBY· 746; lane 3, DB Y·74O; lanes 5 and 6, HgmB' pIT221oC. acrf!f1(offiufPI uarts{ormlllt~ n; lanes? and 8, 
HimB' ATCC 11330. Specific a.ctivity of 11P·labded pBR322 is 3.9 X 10' cpml""g. 

undigested hyphae by filtration through porous 
commercial toweling, collected by centrifuga
tion, washed three times in osmotic·physiolog· 
ical stabilizer to remove nucleases,· and re· 
suspended in 0.8 M NaO. (Magnesium, which 
alleviates the toxicity of hygromycin B to C. 
acr~monium, must be absent from the selection 
step after transforma(ion.) Transformation is 
carried out in a mixture containing, per milliliter. 
30 x 10' protoplasts, 80 jW}01 of Nae) , 0.5 !4l of 
freshly distilled dimethyl sulfo;4:ide, 53 ,.unol of 
eaCh. 180 mg of polyethylene glycol (Baker 
4000), and 2 FLog of transforming DNA at neutral 
pH. After 10 min at room temperature, the 
protoplasts are removed by centrifugation and 
ate resuspended in 0.8 M NaCL Cell walls are 
regenerated, and colonies are recovered- on 
Trypticase soy agar osmotically stabilized wich 
10.3% SUcrose. Low temperature. for example. 
lS~C, is critical for the early stage of cell wall 
regeneration. Aftcr 24 h. hygromycin B can be 

added in an overlay to a final medium concentra· 
tion ofloo i-L&"ml. and incubation is continued at 
a bigher temperature, e.g.. 25"C, to allow 
transformant cells to grow to colonies of 0.3- to 
l~m diameter in 12 to 60 days. Only colonies 
which can be subcultured to fresh selective 
medium are scored as transfonnants. In 11 of 14 
experiments using these conditions, a total of 
147 HgmB', pm21·C. acrtmonill.m transform· 
ants were recovered. All untransformed cells are 
killed under these conditions; a "dummy trans· 
formation" in which transforming DNA is omit
ted was always CUn as a control in each experi
ment, and no colonies were ever observed on 
the selective medium seedcd with $aIIlples from 
a "dummy" transformation mixture. 

Three C. acrtmoniu.m transformants exhibit
ing different levels of hygromycin B resistance 
were chosen for study at the molecular level. 
Transforming DNA could be demonstrated to 
have inlegrated inlo the high-molecular-weight 
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DNA of these C. acr~mOltium isolates. For 
elC.ample, in the total DNA of trans{onnant Tl, 
high-molecular-weight DNA thaI hybridized to 
llP-labeled pBR322 was observed in Southern 
hybridization experiments and no 32P-labeled 
pB RJ22-hyhridizing DNA was observed in the 
region of agarose gets that would correspond to 
electrophoretic migration of low-molecular
weight, freely replicating covalently closed cir· 
(ulac or open-<::ircle plasmid molecules. No 
DNA in the total 'DNA from the untr.l.nsfonned 
parent strain, A TCC 11.5.50. hybridized to ]lp_ 
labeled pBR322 (Fig. 3). 

To further characterize the nature of the 
transformanrs, total DN A from each transform
ant was digested [0 completion with restriction 
enzymes that did not cut pm21, or the DNA 
was digested to completion with enzymes that 
cut plT221 once. Each sample of digested total 
DNA was separated by agarose gel electro
phoresis, and separated DNA molecules Were 
probed with 32P-labeled pBR322 as before. Since 
more than one species of DNA in the total DNA 
of the transfonnants was observed to hybridize 
to l2P-labeIed pBR322 under these conditions, 
one must conclude that mUltiple insertions of 
pm21 DNA into the high·molecular-weight 
DNA of C. acumol'lium occurred in the forma
tion of the I.ra!lsformants that were examined. 
'For example, when total DNA of transformant 
Tl was cut with KpnI, whicb does not cut 
fm21, two bands of DNA that hybridized to 
2p-labeled pBR322 were observed (lane 9, Fig. 

4). Thus, a minimum of two insertions of pIT221 
DNA was indicated. When tota! DNA from TI 
Was cut with Sad, which cuts pIT221 Once, 
eight bands of DNA that hybridiz.ed to )lp_ 

labeled pBR322 were observed in the digested 
total DNA from Tl (lane 2, Fig. 4). Thus, the 
estimate of the minim!lm number of pIT221 
insertions in the high-molecular.weight DNA or 
Tl was raised to at least four. The same results 
were obtained from Tl cells derived from a 
single spore of T1 obtained by micromanipula
tion. No DNA that hybridized to J2P-labi::Jed 
pBR322 was present in digested tota! DNA from 
the unl.ra!lsrormed ATCC 11550. 

To prove that the basis of the HgmBr pheno
type characterizing the trans{ormants was the 
expression of the HPT gene in pIT221. two 
experiments were carried out. In the first experi
ment llP-Jabeled pIelO, a plasmid probe con
taining the HPr gene, WU used to demonsttate 
the presence of HPT DNA sequences in the 
high-molecular-weight DNA of trans formant n. 
For the DNAs involved, the probe, llP-labeled 
pJCIO, could specifically detect the presence of 
liFT gene sequences in C. acrl!monium 
transformants: 32P-labeled pJCIO did not hybrid
ize to total DNA from ATCC 11550, nor to 
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pSR322: and np-Iabded pIClO hybridized ta 
restriction fragments of pmZl only if those 
fragments contained liPT DNA as judgea fram 
the known structure and restriction map of 
pm21. tlP-labded plC10 hybridized to high
morecular-weight DNA in the total DNA from 
TI, but did not hybridize to any DNA in the total 
DNA from ATCC 11550. In the second experi· 
ment, the HPT enzyme was shown to be present 
in cell-free extracts of Tl (assay of Rao et al. 
[4)), and the enzyme was demonstrated to be 
absent in eXtracts of ATCC 11550. 

The stability of transformant Tl was exam' 
ined by growing the transformant for 2.5 genera
tions in the absence of hygromycin B, diluting 

-16.3 
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~3.7 =::::::::: 3.5 

~ii 
2.5 

- 1.9 

- 1.1 

flO. 4. Multiple werts oC pI'T221 DNA in the 
hilh-moleeular·weight DNA or HgmD' plT'..11-C. 
tzeumol1lum trmsfonnant n. demonstr.ltcd by mul-
tiple np-Iabelcd pBRll2.bybriditin, DNAs in total 
DNA of n that bat been completely digested with 
HPlIl, xp"r, SiI1tl, or XbDI. Protocol is the ~e as lor 
rll. 3 except that totaJ DNAs from n and (rom the 
untra.l'utormed C. tlcnmol1U1m parental strain. ATCC 
11550, Were dilCltcd with ODe or rour restriction 
enzymes, listed above, prior to separation by a.garose 
lei electrophoresis. ScUTte or DNA (3 JAoi each lane) is 
u follow,: lanes 1 and 6. lambda (DNA digested with 
EcoRl and BamHI prior to cfcctrophoresi$)~ lanes 2. 4. 

o 

7. and 9. trans{ormant n; \ancs 3, S. 8, and 10, 
untr.l.1l3formcd parent ATCC 11150. Specific activity /"'\ 
of probe is 1.79 x 10' cpmll1g. V 
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the resulting culture, and plating equal amounts 
of the diluted suspension on two media; the 
same base medium with and without the selec
live agct:Jt (100 J1.& of hygromycin B pu m1). 
Wichin experimental error, equal numbers of 
colonies arose. Tl was also used as seed in a 
cephalosporin C fermentation employing com
ptex production medium. At the end of the 
fermentation aU harvested cells were observed 
to be HgmBr by the same criteria: equal samples 
of washed cells seeded to selective or nonselec
live medium produced the same number of colo
nies. Under the same conditions, strain ATCC 
11550 was killed by the hygromycin B. 

In summary, a system has been devised that 
allows low-frequency transformation of C. 
acremonium by integration that produces highly 
stable transfonnants. Transforming DNA and its 
associated phenotype, HgmEr, were maintained 
in transformant Tl throughout a cephalosporin 
C fermentation in the absence of hygromycin B. 
The system should be useful in producing C. 
Qcremonium transfonnants with useful charac· 
teristics, particularly transformants which carry 
extra copies of C. Qcremonium genes to increase 
cephalosporin C production and trans(ormants 
which carry hybrid genes to allow in situ modi
fication of cephalosporin C. 
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A) DNA sequence of pMLC12 (source of E. 
coli origin of replication, M13 origin of 
replication, and chloramphenicol acetyl 
transferase [CAT] gene in pPS56) 

B) J. Mol. Appl. Genet. 2: 507-517 (1984) 
Note: pMLC12 is same as pSDC12 described in J. Mol. 
Appl. Genet. g: 507-517 (1984) except Hind III site at end of 
the M13 ori in pSDC12 has been changeq to Nhe I site in 
pMLC12. 

C) Gene 2Q: 305-316 (1982) 
Note: traces origin of chloramphenicol acetyl transferase 
gene back to pBR328 
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lYlinimal Size Plasmids CODtar~·in£ an 1v113 Origin for 
'- "-

Production of Single-Strand Tr2.DSGucin£ Particles 
'"- '-

, 

Alex Levinson, *Dan Silver7 and Brian Seed 

Department of Molecular Biology, MassachllSl!'fts Gt!lIual Hospital. Boston, MassachuuttJ; and 
*Deparlmenl of Biochemistry and Molecular Biology, Harvard Unil'eTsir),. 

Cambridgt!, Massadwsnts, U.S.A. 

Summary; We have studied the requirements [or efficienl production 
of single-strand transducing particles from minimal size plasmids can
[aining the poage M 13 origin of replication. The most favorabh:: origin 
fragment for production of transducing particles was found to extend 
from nucleotide!> 5372 to 5943 of the phage sequence. which includes 
II segment of the phage gene IV coding region and eliminates part of 
the gene II promoter. Minimizing vector size for M 13 origin plasm ids 
appelrs to be beneficial since transducing particle titer decreases with 

. increasing plasmid size. A mutant hdper phage was isolated and shown 
to improve the production of transducing particles from sf1lall p!as~ 
mids. but to outcompete plasmids bearing large inserts~ Several 
plasmid vectors which produce high yields of single-strand transducing 
paniclt!s and good ratios of transducing particles to helper phage have 
be~n constructed. Key Words: PJasmids-MIJ phage-Single strand 
transduction. 

The indispensable cis-acting elements for fil
amentous phage viral strand synthesis, con
version of vir a! strand to duplex. and extrusion 
of viral strands as packaged particles all appear 
to be localed in or near the 508 bp viral inter
!!cnic region. which encodes 110 proteins (J-
6), Because these dements are highly localized 
in the phage chromosome. it is possible to pr.:
pare artificial defective inLerfering particles 
which incorporate th.: phage origin sequences 
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in plasmid cloning vehicles (3,7,8). CeHs 
bearing these plasmids extrude packaged 
single-stranded forms of the plasmid DN As 
when infected wirh wild-lype or mutant helper 
phage (3,7,8). DNA prepared from the ex
truded particles is essenlialJy uncontaminared 
by complementary strands. The pure single 
strands can be used for DNA sequencing, as 
templates for 01igonuc1eotide-directed muta
genesis, to facilitate the preparation of very 
highly labeled single-sfrand DNA probes, to 
analyze the location of mutational lesions by 
methods not requiring sequencing, to prepare 
strand-specific eDNA Jibraries, and to examine 
the consequences of topological underwinding 
on DNA structure. 
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In this article we describe plasmid cloning 
\. ) vehicles containing M 13 origin fragments 

which can be used for the stable propagation 
of large eukaryotic DNA fragments. Upon in
fection with appropriate MI3 helper phage. 
single-stranded particJes are made in high 
yield. and in approximately equaJ abundance 
with the helper phage. Although the yield of 
single strands has been found to decline with 
increasing overall plasmid size. the vectors are 
sufficiently small that plasmids bearing 10 kb 
fragments can be efficientIy prepared in single
stranded Conn. The small size of the vectors 
also facilitates the in vitro preparation of fult
length duplex eirdes for oligonucleotide-di
rected mutagenesis. 

Optimal function of the M 13 origin vectors 
was found to require an origin fragment lacking 
part of the phage gene n promoter and con
taining gene IV coding sequences flanking the 
intergenic region. The gene 11 promoter was 
found to destabilize small pJasmids, and the in
clusion of the gene IV sequences was found to 
increase single-strand particle yields. An M 13 
mutant containing a sequence alteration in the 
gene 11 coding sequence was isolated, and 
shown to increase [he yield of single strands 
from low molecular weight plasmids when used 
as a helper phage. However, wild-type M13 
was found to allow a higher ratio of single
strand particles to helper phage to be produced 
from cells containing blgh molecular weight 
plasmids. 

MATERIALS AND METHODS 

Phage and Bacterial Strains 

Strain XS 127 was constructe.d by the se~ 
quenlial transfer inLo NK5449 (bJac pro XIII 
8yr A thj rpoB argE. from N. Kleckner) of the 
F' resident in JMI03 (F')acIq JacZ AM15 
proAB traD36) (9) and the p3 plasmid [RP I 
bla(am) tet(am) tra] (lO). Strain XSIOI was 
constructed by mating the episome uF Km H 

{also iden(ified as RSF2001,(23)1 from MV12 • 
(C600 .6.trpE5 recA56 IRS F200 1 t from R. HuIl) 
into HMSI74 (hsdR fecAl rpoB33}). Wild~ 
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type M J 3 was the gift of D. Ray. Phage f1 in
lerferenc!! resistant mtltants lR-J and lR-::! 
were generously supplied by Kensuke Hori
uchi. 

Titers of Phage and Transducing Particles 

To prepare transducing particles, a fresh 
overnight culture of male Escherichia coli con
taining M 13 orig;n pJasmid was pread sorbed 
for lO min at 3rC with an aliquot of helper 
phage sufficient to give a multiplicity of infec
tion of at ]east 10. The cells were diluted 1:40 
to 1:100 in LB medium OJ) and grown for at 
least 8 h at 37"C (ovemight). Saturaced cultures 
were centrifuged for 30 sec at 12,000 x g and 
the supernatants diluted in phage suspension 
medium. Aliquots of diluted supernatant were 
preadsorbed for 10 min at 37·C with 0.1 mI of 
a fresh overnighl culture of the appropriate 
male E. coli strain. The cells were then plaled 
in 3 ml 50[[ agar (Wilhou[ drug) on either se
lective or nonselective plates. Nons~rective 
plates contained LB agar (11) and selective 
plates contained. in addition, either ampicillin 
at 50 J.Lg/ml for ampicitlin resistance trans
dueing particles, or ampicilJln plus 15 j.lg/mJ 
tetracycline for suppressor transducing parti
cles. After 24 h jncubalion at 37"C, the trans
ducing particle titers were scored as the 
number of colony forming units per mI. Con
trols for the.'! spontaneous acquisition of drug 
resistance were performed in the same way, 
but diluted supernatant was not added. The fre
quency of appearance of particles produced by 
infection of vector plasmids lacking M I 3 origin 
fragments was not detectable 'In any experi
menl. although the spontaneous appearance of 
colonies simultaneously resistant to ampicillin 
and tetracycline was occasionally observed, 
and attributed to the appearance of chromo
soma] suppressor IRNA genes (typically at a 
frequency of .... IO-·'eeH or less). 

Plasmid Manipulations 

Plasmid constructions were performed by 
standard methods (10, ]2). Both smal1- and 

45 
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Jarge-scale plasmid preparations wc:re per
formed by the method of Birnboim and Doly 
(JJ). Where possible. selection for insertion of 
the MJJ origin fragment was carried out by su
perinfection of the population of transformed 
cel1s with M I3 helper phage. Suitable male 
transduction hosts were then inrected with di
lutions of [he culture supernatant and the re
sulting co10nies on selective agar were: worked 
up for intracellular plasmid DNA in the usuat 
manner. For the preparation of large amounts 
of extracellular sjngle strand DNA, culture su
pernatants were concentrated by precipitation 
with 2% polyethylene glyco] in 0.5 M NaC!. 
The precipitate resulting from a Hter of infected 
culture was resuspended in 10 ml of phage sus
pension medium (SM Buffer} (II) and spun to 
remove residual bacteria. The supernatant was 
then brought to a solu[ion density of 1.3 g/ml 
by the addition of solid esCl, and centrifuged 
4-6 h at 70,000 rpm in a Beckman VTi80 rOlOr. 
Phage/particle bands were coJlected. dialyzed 
briefly. and phenol extracted to liberate the 
single-stranded DNA. 

RESULTS 

containing plasmids bearing a 522 bp fragment 
frQm the phage gene 1 region gave no reduction 
in prating efficiency relative to cells containing 
no plasmid. When cdls conta.ining the origin 
plasmid were infected with M 13 in liquid cul
ture at midlog phase (-2 x IOJ!; cells/mi) and 
grown to saturation, the titer of particles ca
pable of transducing male E. coli to ampicillin 
resistance was less than 109/ml in the broth su
pernatant. 

Examination of the extrachromosomal DNA 
presen£ in cells recovered from these cuItures 
revealed abundant plasmid supercoil, slight 
amounts of M13 supercoB, and no apparent 
single strands arising either from MI3 or from 
the M13 origin plasmid. The culUlre superna
tants were concentrated by polyethylene glycol 
precipitation and anaJyzed for extracellular 
DNA, but the levels of phage and plasmid 
DNA were too low (0 be detected. Because 
[here appeared to be very little extracellular or 
intracellular single-strand M13 DNA present in 
the infected cultures, mutants that could es
cape the interference of the origin plasmid 
were sought, on the supposition that some of 
the mutant phage might confer the ability to 
produce single strands on both phage and in-

lerferiJ8 plasmid. ~ ~ 
,"" .tJ. A Plasmid Containing the Phage M13..... VI, 

Intergenk Region (a 514 bp Rsal Fragment) 1:::=. ____ ._. __ ._:j pSD 
Interferes with Wild-Type Phage Growth <i c': U' ... fn·.;t.. 

(;

1 !~ p6F 
The M 13 intergenic region faUs between nu- ~:. Jl1 

cl:otid:s .5498 and 6005 (14) and is Jargely con- 1>3 T It); p6A 
lalned 10 the 514 bp RsaI fragment spanning .r ~ . D 
nucleotides 5487 to 6001 (4). This fragment pJ~.s","f.I.> !~ p646 e"l. ') I 
was cloned via the addition of Hind3 linkers I~ p617 ~ J..f 
;010 the Hhid'J""siie of a derivative of eBRJ22...J,. '{" 
in .~'hich the EcoRl to San segment was re- ~-.F- u5)if::i(_::K>4 I:: pRSA8 -
placed by a poly1inker. Candidate plasmids ...... 
were introduced mto XSIOl, a RecAl strain rs:ssssss:s.:: '7sSS$ssssS! 
harboring an F episome marked Wilh a kana
mycin resistance detenninant. and tested for 
.heir ability to sustain or resist infection by 
M 13 phage. Cells containing plasmids bearing 
the 5J4 bp origin fragment did not allow plaque 
furmalion by wild-type MB. although cells 

gene IV Intergenic Region gene n 
FIG. 1. The M13 In(ergenic ravian snct the subfragmenls 11'1-
cnrporated In single 81rand transdudng vectors described In 
this paper. The lett end of the fragment Inserted In pSO falls 
at poslfion 5372; lor af' others at po:sillon 5487. The right 
ends are: pSO. 1594:); pAF. 5910; pAA. 5943; pA<c6. -5965; 
pdF. -5980. . 
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Isolation of Phage M13 Mutants Resistant to 
Interference by Plasmids Containing the 514 

bp Rsal Fragment 

Cells conlaining the origin plasmid were 
grown to saturation in broth, infected with 
wild-type M13 at a multiplicity of 20 phage per 
cell, dtluted 1:1000, and grown to saturation in 
liquid culture. A portion of the cuHure was di
luted 1: 1000 and regrown to saturation. The di
lution and subcuhure was repeated three ad
ditional times. The supernatant of the resulting 
culture contained a titer of -5 x IOlo/mt phage 
which were capable of forming plaques on the 
origin plasmid cells, as well as an equal tiLer of 
ampicillin resistance transducing particles. 
After a preliminary characte·rization. a single 
phage, designate~ was selected for further 
study. Analysis by digestion wilh a variety of 
restriction enzymes revealed the appearance of 
a new Ddel site in the gene 11 coding sequence. 
OTThis Phage. A G to T transversion at osition 

17 is the on ~ swgle ?ase alteration which 
gives rise to the observed restriction fragment 
pattern. This alteration would result in the sub
stitution of a serine residue for an alanine res
'idue at about a quarter of the length from (he 
carboxyl terminus. of the gene II polypeptide 
product. 

Derivation of an M13 Origin Fragment 
Compatible with Suppressor MinipJasmids 

The S 14 bp Rsa J fragment was inserted in 
the Hind3 site of the suppressor miniplasmid 
wV X (l0) and the resulting pJasmid. pRSA10 I, 
was found to have a copy number approxi~ 
mately 20 limes the copy number of pBR322. 
Only one orienlation of the M 13 origin could 
be recovered. and despite extensive efforts, no 
further fragments could be cloned into 
pRSA10l (data not shown). Since strong pro
moters have been shown to interfere with Col 
E ) ~Jike plasmid replication, and since [he R~a 1 
fragment contains the phage gene II promoter, 
we constructed four deletion mutants ladting 

J. Mol. Appl. GtllC'f., YoJ. 2, No.6,. 19/14 

various extcn!5 of the gene II pro;s:imal end of 
the fragment. Two of the mutants were gener~ 
aced by nuclease Ba.! 31 resection (Iermil'l.:.lting 
at positjons .... 5965 (p.6.46) and -5980 (p.6. I7) 
of (he nudeotide sequence), and two by re
striction enzyme digestion with the nucie:lses 
Aha3 and FnuD2 {posi(ions 5943 (pAA) and 
59)0 (pc.F). respectively]. The first two de
leted origins were inserted as Hind3 fragments 
(after addition of a Hind3 linker to the deleted 
end) into the Hind] sice of [he suppressor min
ip1asmid 11AN7 (constructed by Henry Huang. 
personal communication; TrAN7 was chosen 
over TtVX for these experiments because, un
like 1TVX. it contains an intact copy of the pro
moter for the replication origin primer RNA 
(10) and has a higher copy number.) The 
second two origins were subsequently con
structed by parrial (FnuD2) or complete (Aha3) 
digestion of p.6.17 followed by complete EcoRI 
diges tion, isolation of the appropriate origin 
fragment, and insertion of the fragment into a 
orrAN7 vector segment beating one Ec:oRl end 
and one flush end created by filling in an Xba 
site. This construction gave origin fragments 
bealing Hind3 sites at either end. Unlike the 
Ba! 31-generated fragments, the more exlen
sive ddelion fragments could be successfully 
propagated in -rrAN7 following inversion of the 
fragment orientation reIativeJo the vector. In
version of orientation was carried out by liber
ating the insert fragment with Hind3 and rele
gating the insert to ve.c[or cut with Hind3. 

Plasmids containing the deleted M 13 origin 
fragments were tested for production of 
plasmid transducing particles. For this purpose 
ir was necessary 10 construct a maJe host strain 
bearing the p3 plasmid (strain XS t 27. see Ma
terials and Methods), The pJ plasmid bears 
amber mutated ampicillin and tetracycline re
sistance determinants, as welJ as an intact kan
amycin resistance determinant. Plasmids con
taining suppressor tRNA genes thus confer 
simultaneous ampicillin and tetracycline resist
ance on the XS127 strain. The relative lilers 

. of the helper phage and transducing particles 
are shown in Table], 
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TABLE 1. Pllegt' and transducing particil! lirns K'ilh 
dijfut'nf hdpt'r phagt' 

rvl Wild type JR-l lR·2 

cfu pfu cfu pfu du p(u c;fu p(u 

p~11 3.3 1.4 0.2 0.2 20 17.1 6.7 21.3 
pd46 6.7 4.8 2.4 1.4 1.6 19.3 12.5 50 
pdA 'U VI 0.6 0.3 1.6 20.3 (1.0 30 
p~F 2.1 10.4 2.7 6.4 . 0.4 23.2 0.5 23.5 

Cells bC3nog fhe plasmids listed in c:olumn r were in-
fec:ted with the indicated mutants and grown for 16 h at 
37·C. Tiu:'rs are given in c:olony-forming units (cfu). mea-
suring transducing partide (jter, or plaque-forming units 
(pfu). measuring helper phage liter. both in units Qr 
1O,o/ml. 

Optimal Growth Conditions for Transducing 
Particle Production .• 

Experiments were also carried out at this 
point to assess the influence of broth compo
sition. (emperature and duration of growth. 
and nature of the helper phage on the yield of 
transducing particles. The results, shawn in Ta
bles 2 and 3, demonstrate that transducing par
ticles may be favorably produced in nch broth 
at 37°C) with rv] as a helper phage. To evaluate 
the sui.tability of the deleted origin rniniplas
mids for propagation of large fragments, a 5.0 
kb Bg12 fragment of human genomic DNA 
containing the f)-globin gene (15) was inserted 
in the BamHI site of plasmids containing Lhe 
two smallest origin fragments in bath orienta
tions. A 10.2 kb Pvu2 to XbaI fragment from 
the same 19CUS (15) was also inserted in these 
prasmids, between the SmaI and XbaI sites. A 

TABLE 2. Efftct of growth Umpuctuu On tiltr 

rv] Wild type 

du pru du pru 

J2"C 1.2 10.3 0.6 J.8 3rc 2.1 lOA 2.1 6.4 
42-C 2.6 6.0 0.5 4.1 

Cells bearing pdF were infected with rv I or wild· type 
phage and grown for 16 h a[ the: indicated lemper.lture in 
La brain. Tirers are given in units of IOlo/ml. cfu, Colony. 
(orming Units; pru. plaque-forming units (~ee Table, I). 

TABLE J. Eff(Cl of broth ('omposilioll Of! riur 

rv[ Wild type: JR-t IR-2 

cfu pfu cru pfu c(u pru cfu pru 

LB 2.1 lOA 2.1 6,4 0.4 23.2 0.5 23.5 
M9CA L6 7_1 1.0 6,4 0.4 9.5 0.5 20.2 

Cdl::; bearing p&F were infectc:cf with rhC' indic:Hed 
helper phage and grown overnight at 37-C in the media 
listed in {he first column. Titers are given in units or 101o, 
mI. du, Colony-forming unils; prlJ. plaque-forming UniC5 
(see Table I). 

schematic diagram of the plasmid struc!ures is 
shown in Fig. 2. Although reasonabJe yields of 
transducing particles and acceptable ratios of 
these particles to helper phage CQuld be found 
with plasmids bearing 5 Rb inserts, plasmids 
bearing 10 kb inserts appeared ta suffer severe 
competition from an types of helper phage, in
cluding wild type M13 (Tables 4 and 5). Some 
improvement in titers and ratios can be seen 
following serial subculture of the infected cul
tures. allhol.lgh the improvement is unpredict
able and confined to tbe lower molecular 
weight plasmids (Tables 4 and 5 and unpub
lished results). The phage n interference resist
ance mutants JR- I and IR-2 appear to strongly 
outcompete MJ3 origin plasmids. 

Good yields of phage and transducing parti
des could also be recovered from plate stocks 
pr~pared by infection of the appropriate 
plasmid-bearing host with sufficient heJper 
phage to give confluent plaque formation on 
the host lawn (Table 6). However, a poor yield 
of farge transducing particles was again ob
served. 

Borh 5 and 10 kb insert plasm ids were ex
amined for stabi1ity to deletion and rearrange
ment under the helper phage cocultivation con
ditions. Analysis of the intracellular plasmid 
DNA revealed no alterations detectable by re
striction enzyme analysis (not shown). Sur
prisingly. the predominant intracelJular DNA 
species was the MI3 origin plasmid. This resull 
seemed at variance with the limited trans
dueing particle liter. However, direct measure· 
ment of the amount of extracellular DNA 
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aupf t." '" ColEl ad supF 
M • '3' (IU}(O!1 u) 

~ ort(La.7) __ '"\"..,,,' __ 

ColEI oro Ccltl orl 

11.6kb 

t'-&Iobin 
(6+P)-globin 

FIG. 2. The p.i series of pfasmids, used to evaluate Ihe dependence of Ir3nsduc:ng particle titer on plasmid length and other 
v .. riables described in the text, The plesmids incorporate Ihe .e.F and tl.A origin fragment:> shown in Fig. 1. Their construction 
Is described in the text. (+ ) and (-) denote the orientation Qr the M13 origin (ragment relative to the direction ollranscriplion 
of Ihe supF sene, while A and e dena.a till orientation of the globin insert fragments relative to the M13 origin. Arrows :show 
lhe direction of tlanscription 01 the Iragments. 

showed no major discrepancy with the titer, 
ruling out the possibility that the larger trans
ducing particles were somehow incapable of 
~stabJishing themselves as plasmids in the 
transduction host. The same high levels of in
tracellular DNA were observed whether the 
DNA was prepared by alkaline lysis of the cells 
or by the boiling method (16). The simplest ex
planation for these results appeared to be thal 
the larger plasmids convert intracellular single 
strands back to duplex at a particularly high 
rate, leaving little singJe strand available for 
extrusion. If the poage packaging signals were 
incompletely represented in the origin Crag-

ment, the resulting tendency for single strands 
to accumulate in the cell might give rise to this 
type of behavior. A larger form of the origin 
fragment was therefore sought. 

An M13 Origin Fragment Containing Gene 
IV Coding Sequences Jncreases the: Yield of 

Transducing Particles 

Cleavage of M 13 DNA with the enzymes 
Dde 1 and Sau96 produced a 353 bp fragment 
which included 128 bp of gene IV coding sew 
quence flanking the intergenic region on the 
gene IV side. (The fragment is 1 12 bp shorter 

TABLE 4. Tilu {U Q /un~Jion 0/ durotion 0/ ZTOK'lh 

First culture: Second culture Third culture 

au pfu cfu pfu cfu pfu 

ptaF·SA J.2 J.5.0 2.7 16.2 ND ND 
pdF·SB 0.3 7.3 4.3 18.0 .5.8 2.9 
pAA·'sA I.J 13.3 . 1.9 4.7 0.1 18.0 
pd-A-5B 0.9 4.0 3.1 10.8 NO ND 
p.6A·JO 0.3 lOA J.2 J6.0 ND ND . 

Cells bearing the pl3smid~ lisled in Ihe first column (and shown in Fi&. 
2) were infected with rvl. dilured J:40, and grown (0 saluratian (firsC 
culture), then subcultured by 1:40 dilulion one: (second culture) or two 
(third culture) addilional times, Tilers are gi ... en in units of IOlofm!. cfu I 
Colony·forming units; pru, plaque·rorming unils hee Tab!e I), 
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TABLE S. H~rpl'f phaf:~ ~fJl!cr on a 12 kb plasmid 

rvl Wild type 1R·2 

cfu pfu cfu p(u cfu pfu 

First cullure 0.1 lOA 1.4 4.9 1.1 16.0 
Scc:ond c:ulture 1.1 16.0 U 6.2 I.J .50 

Cells containing the plasmid pAA-l0 were infected with 
the indic3rcd phage. diluted 1:40 and 8town 10 .salura,ion 
in LB brOlh at 37·C (First culture. row I). Ihc:n rcdilutcd 
d'\c same: amoun{ and regrown (Second culture, row 2). 
Tilers are given in units of IOlQ/mL cfu. Colony·forming 
units; pfu, plaque·rorming units (sec Table 0. 

than that predicted from the nucleotide se
quence because of the appearance of a poly
morphic Ddel site at nucleotide position 5370.) 
The Dde to Sau fragment was Jjgated into the 
miniplasmid p6A. replacing the resident Rsa 
to Sau fragment and extending the gene IV side 
of the origin by 116 bp. The Sau96 site was 
destroyed in the course of [hjs seep, and was 
shown by DNA sequencing 10 have been in
advertently filled in by the action orDNA poly
merase. Cells bearing the resulting plasmid, 
pSD, gave markedly better titers of trans
ducing par[~cles foHowing cocultivation with 
rvl helper phage (Table 7). The ]0 kb Pvu2 to 
Xba globin fragment was inserted in this 
plasmid and the relative titers of transducing 
particles and helper phage were determined as 
before. Good yields of transducing particles 
(-6 x lOIO/ml) and acceptable ratios of helper 
phage to particles (~2:I) were observed with 
wild.type helper phage (Table 7). However, all 
mutant helper phage gave high ratios of helper 
phage to transducing particles. The stabilily of 
the plasmid to cocultivation with wi1d.type 
helper phage was examined by restriction en
zyme digestion of the intracellular DNA, and 
no macroscopic alterations were found (Fig. 3). 

A variety of different fragments were cloned 
inlo the polylinker segment of pSD, and DNA 
was prepared from extracellular particles re: 
covered by polyethylene glycol concentration 
of supernatants of Jiter cultures. followed by 
CsC} buoyan, densi'y centrifugation and 
phenol extraction (Materials and Methods). 
The ratio of plasmid to phage single strands 

appeared in most I;as.es to be underestimJ.[ed 
by measurement of plaque: and transducing 
panicle tiler (Table 8); in almost every C:lSe 

more plasmid DNA than helper virus DNA 
was recovered from [he culture supernatant 
(Fig. 4). 

Construction of Cloning Vehicles for 
Production of DNA Single Strands 

Several plasmid cloning vehicles were 
created La exploit 'he origin fragment in pSD 
and to facilitate the insertion of foreign se· 
quences. Two vehicles, pSDL12 and pSDLl3. 
contain the lac Z a.·complementation fragment 
found in the plasmids pUCJ2 and pUCD (17) 
inserted in the opposite onenlaljon (relative 10 
the M13 origin) to that found in the M13 mp 
series of phage vectors (Fig. 5). Chloramphen
icol resistance versions of the pSDL plasmids 
were created by inserting a 780 b' chloram
phenkoJ ::leet hrans erase resistance element 

erived from the plasmid CM) OS} into a Taq 
SHe In l e suppressor ,RNA ene (Fig. 5), 

o acilitate the preparation of other plas* 
mids containing 'he M13 origin, the plasmid 
pSDX2, which contains the origin fragment of 
pSD flanked by Xba linkers. was digested with 
Xba. the ends filled In with E. coli DNA poly
merase large fragment, and the resulting frag
ments ligated to a variery of 1inkers in [he pres
ence of polyethylene glycol (19) at the optimum 
temperature previously delermined for linker 
Jigation (32"'C). The reaction mix was diluted 
four-fold, digested with EeoRI, recircularized 

TABLE 6. Tiurs ofplDU .storts p'~PQud Wjlil rv! 

p.AF.SB 
pM.5n 
pAA·rO 

cfu pru 

2.7 
2.1 
0.6 

J..O 
4.0 

16.0 

Plate: stocks were prepared by infecting 100 ~ or sat
'tIroned cullure containina the pla$mids in column 1 with 
10" rvl phage, and pladn, the inrected cdls in soft agar. 
Pla[t'! srocks were harvested alter Ul II by sCr:lpin, the 
lOp agar inlo phase suspension medium, vorte.xing, and 
sedimenting out the agar. Each plate lave 3pproxima[~ly 
5 ml of plate srock. Titers are Biven in units of lO ,oJmL 
cru, Colony·rorming units; pfu, plaque-forming units. 
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TABLE 7. Tiun oburu·d willi ~xpand~d 
origirr plaJmids 

rvl Wild type: JR·} JR·2 

cfu pfu cfu pfu cfll pfll cfu pfu 

pSO 13.3 7.6 4.9 4.7 NO NO NO NO 
pSO·IO 1.4 31.2 6.1 13.2 1.6 23.7 3.0 3&.& 

Cells were: infe:cted with the: indicated ph:lge and grown 
r~r 12.h at.noC in LB broth. NO, Not done:, Tilers are: 

. gIven In unlls of lO,o/ml. 

at low concentration, and introduc~d into 
XS 127. Transducing particles were prepared by 
TV I infection of the transformants and used to 
transduce XS 127 to ampicillin and tetracycline 
resistance. The resistant colonies were ana
lyzed for the presence of plasmids bearing the 
M 13 origin fragment fianked by the linkers of 
interest. This approach proved very conven
ient, with about 50% of the resulting colonies 
containing the desired plasmids; origin frag
ments flanked by Bg12, Xho, Sac2, Cia, and 
Nco linkers were prepared in this manner 

'(Fig. 5).' . 

Recovery of Genomic DNA Sequences from a 
Bacteriophage A library by Recombination 
with a Suppressor Minip1asmid Containing 

the Phage M 13 Origin of Replication 

An origin fragment flanked by Bgl2 sites was 
excised wjrh BgJ2 and ligated [0 a Bgl2 linear
ized mini plasmid containing a segment of the 
human j3.-g1obin 5' flanking region (plasmid 
'll"B~P) (10). The desired plasmid was isolated 
from transductant colonies and verified by re
striction enzyme mapping. An aliquot of a sec
ondary amplification of the Lawn et a1. (15) 
buman genomic library was plated on cells 
bearing this plasmid. and phage recombinants 
containing an integrated copy of tht mini
plasmid were isolated as described previously 
(10). Only one phage species was recovered 
in this screening, corresponding to the isolate 
"E" previously described (10). The absence of 
other phage species may be a consequence of 
the second round of amp1ification to which the 
Jibrary was subjected; in experiments with a 
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related miniplasmid the: secondary library also 
gave only phage "E" recombinants while the 
primary library gave additional species (20). 

DISCUSSION 

The M 13 phage intergenic region appears to 
contain all of the cis-acting elements required 
for replication and extrusion of viral strands as 
filamentous particles (3). A derivative of 
plasmid pBR322 containing the phage inter
genic sequences found on a 514 bp Rsa1 frag· 
ment was shown to strongly interfere with wild 
type Ml3 growth. An interference-resistant 
M 13 mU[ant was isolated. and proved to allow 
reasonable rilers of transducing particles (-5 
X 1010/mn when used as a helper phage in con-

junction with this plasmid. These observations 
are strikingly different from the recent results 
of Zagursky arid Berman (8), who found that 
the same fragment inserted in the Pvu2 site of 
pBR322 showed no interference with wild type 
MD. lr appears that [he localion of the M 13 
origin in the plasmid vector can strongly influ
ence the relationship between interfering 
plasmid and helper phage. 

Sequences at the gene 11 proximal end of the 
intergenic region were found to destabilize 
small plasmids. Deletion of sequences at the 
gene II proximal en~ of (he inrergenic region 

abc de 
FIG. 3. Stability 01 pSD10 
transdUcing particles fol· 
lowing prolonged coculliva· 
lion wilh M13 helper phage. 
lane. Is the 8amHI frag' 
ment pallern produced by 
plasmid cocultivafed with 
M 13 IV1, lane b the paltern 
produced by pS010 without 
(;oculfivallon. lane c the par-
tern produced by cQcultiva· 
tion with wild-type M13. and 
d and. the fragmenl pattern 
01 rvl and wild·type phage 
without pS010. The marker 
lane Is phage .\ DNA cuI with 
BstE2. 
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TABLE 3. Titus /rolll /j/u CII/WN'S oj g/ooiJl p[l.1smlJs. 
l4'ili! ... ,jjd'l),pl! nt:lpa 

cfu PIU 

pSD-P29 3.0 4.3 
pSD-G 8.9 7.0 
pSD-IO 6.J 13.4 

pSD deriv.lIivc:s containing 3.7 Icb (pSD-P29 and pSD
G) or -10 kb (pSD-jOj inserts were infec:ted with wild· 
type helper and grawn at 37"C overnight in LB broth. 
Tih::rs are given in unirs of IQlo/mJ. cfu, Co1ony-rorming 
units; pfu, plaque-forming units. 

allowed the origin fragment to be cloned in 
both orientations in various miniplasmids, but 
derivatives of these plasmids bearing large in
serts competed poorly with hdper phage_ 

Sequences lying within the gene IV codjng 
region appeared to enhance the ability of the 
plasmid-borne M 13 origin to compete with su
perinfecting helpe:- virus. This conclusion must 
be considered provisional because the con
struction that gave rise to the extended M 13 
origin also resulrd in the disappearance of a 
restriction site in the origin fragment, and the 
effects of this mutational event have not been 
isolated. Dotro et a!. (3) have reported that [he 
cis-acting sequen~es for extrusion of single 
strands are located in the phage fl HadII F 
fragment, whic~ spans nucJeotides 541.5 to 
5725. If their results extend to Ml3, it would 

....... 

IoIIJ ori 

WI:! 0"; 

FiG.~. 3ingle-SlrancJ eNA 
yields 01 'farious "SO 
derivalive!:. Agarose gel 
elec:rophoreZ1S or the 
ONAs presenl In :h" su-
pernatanl 01 cells In· 
tected with M 13 helper 
phage ,haws the rela· 
fly!! abundance of Ihe 
plasmid transducing par-
lide DNA and the helper 
DNA. The length Qr the 
fragment Inser1ed In pSD 
... aries Irom lane 10 tane: 
.,0.5 kb; b, 3.7 kb; c, ,., 
kb; d, 10.2 !lb. The marker 
lane Is phage A DNA cut 
with 8~IE2, and lITe 10-
caCion 0/ the ~ingle 
strand helper DNA Js la-
beled "M 13" In the right 
margin. The amount 01 
helper phag9 ONA loaded 
In eac:h lane Is 21pproxi-
mately constant. 

.5-0 II • ) 
-- i.f ~ / 

2. S' C ~ 

M13 

appe.1f that the region between 5414 and 5437 
encodes signals necessary for efficient matu
ration. However, the e:-:.tended origin we have 
jsolated also contains a sequence which js 
closely related to the single strand origin si[e 
and which has been observed to be an endpoint 
for [he reileration unit in the 'Iandemly dupli
cated origin fragments found in naturally oc
curring f1 defective interfering particles 
(2J ,22). This sequence may pJay a role jn the 
natural physiology of the viru~. The appe3.r-

fllt m/~/on -to /oJ [{R L 
• .J.I,. 

;)!ce r15 I Q}-l -

ColEl od 

.. 

pSD-Cla, pSD-BgI2. pSD-Nco. pSO-Sac2, pSD-Xno 

AG. 5. ~e pSD series or plasmid vector:!. These plasm ids incOtpOrale the SO origin tragment shown In Fig. 1. The direction 
ollranscnpHon 01 the lac and cat :segments Is indicated with arrows. ihe names or various M 13 "c:assslts" plasmids constructed 
In. th1S :study ara risted beneath the map of"pSOX2, which contains an Xba cassette. 

1. Mol. Appl. G"w., Yol. 1. No.6, 1984 5)" 



~. 

( 

5/6 A. LEVINSqN ~ AL. 
"'r .... ~ . 

ancc of tandem duplications in the extended 
origin plasmids has not been observed in this 
study, ahhough we anticipate that prolonged 
cocultivation would be necessary to select for 
such species. 

The type of helper virus necessary for op
timal production of plasmid transducing pani
cles was found to vary with the type or origin 
and the size of the origin plasmid. The inter
ference resistant mutant helper virus isolated 
in this work was found to have a nucleotide 
sequence alteration in the coding sequence of 
gene 11, which directs the synthesis of an es
sential rep1ication protein. This mutant was 
found to be the best helper phage for small 
pIasmids. The best helper virus for large plas
mids, however, was found to be wild-type MD. 
In genera1, increasing plasmid size correlated 
with decreasing 'efficiency of transducing par
ticle production. The small size of the M 13 or
igin plasmids presented here compensates in 
part for the tendency of plasmids bearing large 
inserts to perform poorly in competition with 
wild-type or mutant M 13 phage. The growth 

. conditions for optimal production of trans
ducing particles were examined and found to 
be the same as those conventionally used for 
the production ofM13 phage particles. The sta
bility of plasmids bearing large inserts to rear
rangement on cocultivation with helper phage 
was found to be very good. A variety of min
imal length cloning vehjcJes have been con
structed from the most efficient origin fragment 
and put to use in the is'olation of large amou nts 
of unrearranged plasmid singfe strands. 

Acknowledgments: This work was initiated in the 
laboratory of Tom Maniatis, whose hospitality is 
sincerely appreciated. Ponions of Ihe work were 
supported by a grant to the MassachusseUs General 
Hospital by Hoechst AG. We would like to thank 
the referees for dielr suggestions, Henry Huang for 
supplying the plasmid lI'AN7, and Bob Zagursky for 
communicating his results before publication. 

REFERENCES 

l. Geidel' K. Beck E. Schaller H. An RNA lmnscribed 
from DNA at .he origin of phage (d $ingJ;! juand (0 

J. Mot. Appl. Ct!nd .• Vol. 2. NQ, 6, /984 

rcolic.uive (orm convC:f:!.ion. Pro, NaIl /lcad Sci 
USA 1978;15;645-9. 

2. Meyer Tf. Gcider K. Kur! C. Schaller H. Cieav::.ge 
$ite of bacteriophage fd gene II.protein in the origin 
of virol strand replic.:uion. Naturt J,Land) 1919; 
278:365-7. 

3. Douo GP. Ene::! V. Zinder NO. Functional analysis 
of bacteriophage n inlergenk region. Viraloi)' 
1981 ;114:463-73. 

4. Horiuchi K, Zinder NO. Origin and direction of syn· 
thesis of bacteriophace n DNA. Prot' NOll /lead Sci 
USA 1976;73:2341-$. 

S. Suggs SV, Ray DS. Replication of bacteriophaSe 
M 13. Xl. Localization of the origin ror M 13 single 
strand synthesis. J Mol Bio' 1977;110:147-63. 

6. Cleary JM. Ray OS. Deletion analysi$ of the tlom::d 
replication origin region rrom bacteriophage M 13. J 
Viro/1981;40:197-203. 

7. Dente L, Cesarini G, Cortese: R. pEMBL: a new 
family ofsingte stranded plasmids. Nur:!,ic Acids R~s 
1983. 

8. Zagursicy RI, Berman ML. Craning vec::tors thai 
yield high levels of single-stranded DNA for rapid 
DNA sequencing. G~n~ 1984;27:183-9J. 

9. Me:lSlng J. Crea R. Sec:burg PH. A syslern ror 
shotgun DNA sequencing. Nur/,ic Acids Rn 
1981 ;9:309-21. 

10. Seed B. Purification of ,cnomie sequences from bac
teriophage libraries by recombinalioll and selection 
in vivo. NuC/,k Acids Ru 1983;11:2427-45. 

) 1. Miller JH. up,rim,nts ill mol,cular g~nt'tic.r. Cold 
Spring Harbor; Cold Spring Harbor Laboratory 
Press, ]976. 

12. Mania[is T. FritSch Ef, Sambrook J. Mo',cular 
cloning: G lahoratory manual. Cold SprinS Harbor: 
Cold Spring Harbor Laboratory Press, 1982. 

] 3. Birnboim He. Doly 1. A rapid alkaline extraction 
procedure for screening recombinant plasmid DNA. 
Nucl,jc Adds Rts 1979;7:15l3-23. 

14. van Wc:zenbeek PMGF, Hubebos T1M. Schoen· 
ffi3kersJGG. Nucleotide sequence of the mame-nlOus 
bacteriophage M13 DNA genome: comparison with 
phase rd. G~n' 1980;]):129-48. 

15. Lawn RM, Fritsch EF. Parker RC. Blake G. Maniatis 
T. The isolation and characterization of a linked &. 
and p.globin gene Crom a cloned library of human 
DNA. C~/l 1978;15: 1157-14. 

16. Holmes DS, Quigley M. A rapid boiling method for 
the preparation of bac.terial plasmids. Anal Bioc/"m 
1981;114:193. 

11. Vieira 1. Mcssing J. The pUC plasmids. an M 13mp7-
derived system for insertion mutagenesis and se· 
qucnciaa with universaJ primers. Gt'n~ 1982;19:259-
68. 

.18. Close TJ. Rodriguez RL. Constl1lction and ctu.rac· 
lerlzation or the r;hfo(llmphenic:o)·re~istanclC gene 
cal1ridgc: a new approach [0 che: transcriplional map
ping or c:xlncbromosQmal elemenlS. G~M 19B2; 
20:305-16. 

19. Phdtfer BH, Zimmerman SB. Polymer-stimula[cd Jj. 

53 



l t 

SINGLE-STRAND TRANSDUCING PARTICLES 517 

galion: enhanced blunt· or cohesive·end li£lillion of 
DNA or deoxyribooligonuclcotides by T4 DNA Ii· 
gase in polymer solutions. NIl,/tk Acids Nt's 1983; 
11:7853-71. 

20. Linle PFR. Tn:isman R. Beirut L. Seed B. Maniatis 
T. Plasmid 'lectors Cor [he rapid isolation and tran
scriptional analysis or human ~globin alleles. Mat~c 
Bioi M~d (in press). 

21. Ravetch JV. Horiuchi K. Zinder NO. DNA sequence 

analysis of the defective inlcrfering p:micles of bac
teriophage f1.1 Mol Bio/1979;12IU05-18. 

22. Chen Te. Ray OS. Replic:llion of bacteriophage 
M [3. xm. Structure and replication of cloned M 13 
miniphage. J Mol Bioi J978~125:I07-2L 

23. Heffron F. Bedinger P. Champoux n. -Falkew S. 
Deletions aiTecting the transposilion or an antibiotic: 
resistance gene. PrOf: NOlI Acad Sd USA 1977; 
74:702-6. 

J. MoT. Appl. Gt:n~t .• Vol. 2. No.6, 1984 

5~ 



...:ycline 

J {J97!} 

Ie rapid 

Olen. J. 

N:I duro 

"tOn. II. 
:si".nee 

/ruc/jon 

plum,.! 

oa.mentJ. 

c· 

G"" .. , 20 ( 1982) 305- 316 
Elsevier Biomedic~/ FtdJ 

Construction and characterization of the chloramphenicor-resistance gene cartridge: A new 
approach (0 the fnlnscriptional mapping of extrachromosomal elements 

(Tn 9 CAT gene; pBRJ27 promoters; readthrough transcription) 

TImothy J. Oose and R.L Rodriguez .. 

D~I)(1rtm~n' of G~nnic:s, Uni~rsilY of California. Dl.luis. eA 9Jt'!/fJ (U.S.A.) 

(Rocci .. ed Jul)' 10th. 1982) 

(Accepted August 2nd, 1982) 

SUMMARY 

A sysfem has been developed 10 transcriptionally map plasmid DNA molecules in vi .... o. This system is 
. based upon the activity of the Tn 9 em' gene whose product, chloramphenicol acetyltrans(erasc (eA 1). can 

be easily assayed enz.ymatically and identi ried phenotypically in Escherichia coli. The em' gene was e:tcised 
as a single DNA fragment from the plasmid cloning vector, pBR328, and its ends were converted to 
hexamer.speciClc restriction enzyme recognition sites. These modified Cm' gene fragmc;nts were designated 
"CAT cartridges". The CAT cartridges were expressed al high levels only when inserted in the proper 
orientation, downstream or a plasmid promoter. Using DNA restriction endonuclease c1eavilge siles as 
insertion points. the CAT cartridges were inserted into plasmid pBRJ21. and the levels of CAT activity 
pro<fuced in cells containing the various plasmids were determined. The CAT activides .0.1 each position and 
orientation were used to construct a transcriptional map of plasmid pBR327. The positions and strenglhs 
of promoters demonstrated in vivo using the CAT c3t1ridge coincided with thos.e predicted by in vitro 
slUdies. Using the CAT cartridges il should be possible to study gene expression on anyexlrachromosomal 
elemenl in Ihe appropriale hosl. 

INTROOUCTION 

Two general methods have been developed 10 

facilitate the in vivo analysis of sene regulation by 
(using regulatory regions to structural genes whose 
prOducts clln be measured enzymatically. In one 

• To ..,hon} reprint rcqUl:StS shoutd be: addreunl. 

Abbreviation.: .. oTe'. anti-tetracycline resiJt"n~e I~ne: Ap. 

ampicillin: Ap', ampicillin resilu.nc.e: bp, bue p3irs: CAT. 

ch/orampheniL'Ol a<.:etylltans(erasc: Cm. chloramphenkol: Cm', 

chloramphenicol resisuHlce; kb. kilabuc p~jrs: 5DS. soJilJm 

dodccyl sulrate: T~ '. tetracycline re.isl~nec. 

OHM. II I 'J/IQ/OOOO-OOOO/S02.7~ 0 1982 EI!.I:~;~r Biomedical Pren 

system, promoters on the enteric bacterial genome 
can be studied by utilizing the integration proper
ties or bacteriophage Mu. Mu derivatives contain
ing I p-galactosidase (loc-Z) gene or £. coli ca.n 
transpose into the bacterial chromosome to pul 

p-galactosidase production under the control of • 
cbromosomal promoter (Casada ban and Cohen. 
1979). Altemalively. recombinant DNA (ech· 
nique:t have been used to (use promocers (0 pro
moter-leu .uructural genes C3rried On plasmids. 
Recombinant plasm ids are then introduced by 
Iransformalion into host cells. This second general 
method has been used to slUdy a range of promo-

i 
I 
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te~:; in prokaryotic and e: .. !i<;'~locjc hOSb (W<:~[ ~( 
aI.., 1979; An and 19i9; C.1!>:ulaban anJ 
Cuhe:n, 1980; Gua(~(ll<;! and Pta:>hnc, 191:i J; ROoSe: 

ct al., 19M I; Co]Jrarb et ll., 1981; McKe:nncj ct 

aI.., 1981). 

W <! r~port a nc:w in vivo method of lnalysis lhal 
cornbine:s reamres of both approaches. For our 
studit!.$, sc:vc:ral dC:r1vatives of {hc: Cm' &I::n.: or tnc: 
bll<.:!e:rial lransposon Tn 9 we:re cDnsttu~ted. 21ch 

derivative: lacks the: Ic:rmini.ll insertion Se4u':1It.:"C::s 
and the em' gem: promo!!!r that afe pfo;::;.ent ~)n th.: 
intact transposon, but contains the complc:te CAT 
polypeptjde coding sc:quence and an £. ruti ribo-
some binding site (Alton and Vapn.:k, 1979). Thc:>.: 

short DNA sc:gmc::nts (about 780 bp), dc:sign;.It<:d 
•• CAT cartridges", are flanked by th.: he:-..ame:r

specific rl!Striction site:> ( Hind II 1. Bum H 1 and 
Sil/l). Using n::combinJ.nt DNA tecnniques, (he 
CAT cartridge; were inserted around the pb!imid 
pB R327, which is a 1089 bp deletion d~rivative: o( 
pBRJ22 (Soberoll el aI., J980). £. coli cell!; were: 

then lransformed with C::.lch cartridge insertion de

rivative. and the dire;:tion of transcription and 
lc:vd o( Cm' gc:n<:: C,:l;pn:!;sion were determined fur 

eaf.:h posilion. The resulls of thc:!ic c:xperiments 
enabled a transcriptional map of pBRJ27 10 be 
constructed. The in vitro transcription $tudie:::;. Qf 
pBRJ22 by We::sl and Rodrigue (1980, In2) anu 
by Stuber lind Bujurd (190 I) have:: m;JppeJ the: 
IOC;ltion and deu:rmined the rdative ~Iren&lh:i or ;1 

number of promOh:rs on pBRJ22. Our fimJillgs 
using the CAT cartrh..lges in vivo art: in do:.!! 

8f.:cord with the!~ in vitro sluJi.:::>. 
The Cm' sene was chosen for Ihi.:. liy!>to:m ror 

Ihe following rc:l.son!.: (i) the nudC'tltiut: (Ahon 
anu Vapnclo:. J979) and amino "dd {S11.:lW ('! al., 
1979) sequences have b~n delcrminc:t.\ for ('AT. 

the: product or th~ em' gc:ne; (ii) CAT activity can 

be: easily assayed spectrophotOmclrically (Shaw, 

1975); (iii) CAT cn2ymc can be purified 10 homu
geneilY [rom crude e.xUac(£ in one step bY;.l((jnity 
Chroffi3lOgraphy (Za.ideouig and Shaw, 1976); (iv) 

lew organisms produce: CAT. eliminating Ihe prob
lem or badground cn2),malic :aclivitie:. or the host 
(Shaw et aL, 1979); and (v) Ihe Cm' gene: has been 
shown (0 be cxprc:ssed and iunc(ional in dH: 
euKiifyole:. Succharomycts c;rwiJiae (Cohen et al.. 

19!tO). 
iia:;eU on me ~impljcity of the: CAT c:mTldgl! 

sj'~tc:m ::nJ the wilil which promul<:rs On 

pBRJ:'i were: iJcrHli:c:u in VIVO, the: c..l.,. -;- .::;;nnJg<:~ 

can ,cr'lC ;.I:. .1 tlSl!fui lcol io( slUJyll18 ?romolc~ 

in ;l variety of prok:lrjoric Jnd c:ubrjOli..: ::.';.

trachromosamal eic:ncrHs. 

MA TER1AL$ AND METHODS 

(101) fiucteri.u !>In.ins and ph,!.mids 

The E. coli main RR I and Ihc: pbsmjJ~ pB RJ27 
and p8RJ28 we~e de~c;rib.:d by We:.! and 
RoJri~uez (1981). For the maxiedl analy~is the: 
ultraviolet sensitive E. coli strain CSR60J was usd 

(Sanc:n et 411., 1979). 

(b) Malia 

Luria brolh (113) ,and M9 mjnimal medium plus 

c:1samino ac;ids (M9, CAA) have been dez.:cribc:d 

for liquid and solid media (Miller. 1972). Sulfate:

frcc Her~hc:y :;::t!IS and medium were pn:parc:d as 
described by Won;d and Burgi (1974). 

(c) DNA prcpanllioll 

Microgram quantities of pl:lsmid DNA were 
pn:PiJred using an 5DS-alk.ali dc:naturation 

ltlt.:!hoJ. A I ml sl:Hionary pha.sc: culture of pl~.s. 
miu-c,)tltaining cc:lb grown in LB mc:Jium Wa~ 

h:lrVeSlo:::d in :m eppc:nuoff micrlX"elurifu~c:. The: 
edt pdle! was washed with 1 ml of SI:.I buffer 

(20% su\."[;,)sc. 50 111M EDT A. 50 mM Tris, pH ItO) 
~1lc.J re:su:ipc:nded in 0.15 ml of the :i.:lmc buffu. To 

lhis miuurc: 5 JJ.I of 10 mgjml bovine pancreatic 

ribonud~a:;r: (Calbiochem-Bc:hring) and 0.35 ml of 
a tysi!i solution (0.2 N NaOH and 1 % 5DS) were: 

adde!..!. The tube: was yone.'l.cd bricny. held on ke 
(or 10 nUll and chen mixed wilh 0.25 ml o( cold 
3.0 M Na· acetate buffer. pH 4.8 (Na'" salt). After 

invt:rting sevcral limes, the lube was incubated on 
ice for anolher 20 min. The SDS and chromosomal 
precipilal~ was pdleted by cenlrifug;:uion at 4"C 

for 5 min in tn.: microcentriiugc_ The ::Iuperna('lnl 
w;s lransf.:rn:u 10 :1 dean 1.5 ml eppendor( lube 
10 whil.:h an ctluaJ volum.: oC - 20G e isopropanol 
w~s .IIJOeu. t he lUbe was mvt:tte(l Severa! limes 
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and centrifuged immediately :11 room temperature 
lor 5 min. The supefhar:mt was pouted off. and 
thc plasm.id DNA pdlet was washed once with 
»ml ot - :WoC 70% eth.:lnol. Afler another 
centrifugation the supernatant waS discarded, Ihc: 
pellel dried under vacuum and resuspended in 20 
}'1 of de-ioniz.ed waler. At tlUs stage the DNA W:lS 
suitable {or dig.eslion with restriction enzymes and 
transformalion. 

Milligram quantities or plasm.id DNA were pn:
pared using the Cm or spectinomycin amplifk:a
tion method of $oberon cl 31. (1980) followed by 
phenyl-ncutral.rcd binding resin (Boehringer. 
Mannheim) column chromalography. A mixture of 
chromosomal and plasmid DNA was p:lSsed oller 
the column n:sin. and non.supc:rcoiled DNA was 

washed Ihro~gh. with 0.18 M NaCIO" (Fisher) in a 
buffer containing 10 mM potassium pho1iph:ue 
and 10 mM E.DTA, pH 6.0. Supercoilc:d plasmid 
ONA was eluled with 0.60 M N.lCIO .. in Ihe S3tHe 

burrer. 
Purified DNA rc:striction (ragments were ex-

trllcted rrom I % low melt agarose (Scakem) gels 
according, (0 (he procedure of Langridge e! a!. 
( 1980). 

(d) Transformation 

E. I;o/i ceUs were made competent for transfor
mation by a modification of the method or Morri
son (J 979). Log phase cells were harvested ftOm ;I 

20 ml LB plus 0.2% glucose culture grown at 37<>C. 
Tb~ cell pellet was resuspended in )0 mt of ice-colu 

30 mM Cae):< incubated 20 min on ice anJ 
resus~nded in 2 ml of ice<old 30 mM Cael l plus 
1.5% glycerol. Transformations were perrormed by 
(hawing on ice 0.2 m! aliquo(s stored at - 6S"C. 
aduing plasmid DNA and incubating on ice ror 60 
min. At'ter a 9().1I heul pul:;c at 42"C. (he cell:; wcre 
spread immediaudy on seJectiye media 10 minimiz.e 
the production of sibling colonies. 

(e} CAT ass.y 

P13smid-contlllning cells were grown to :1 cell 
density ot 5 X 1011 /ml in 1..5 mJ cuhures or LB 
plus 0.2$ glucos~ at )7"'C with shaking. Cells from 
'his cufture were pe!kled and resuspended in 0.5 
ml of extraction buffet (50 mM Trizma base, )0 

)01 

p. M dithiothreitol. pH 7.S}. Tae cdls were broken 
u~ing a Br;Jnson sonifier and the extract was dc::an::~ 
or cell debris by centri(uS:llion (or 1.5 min al 4°C 
rn a microcenlrituge. The .'Jupernalant WllS assllyed 
for CAT .activity in a 600 ".1 reaction volume by 
the spectrophotometric method of Sh.aw (197S}. 

Substrates and reagents for the ass:lY were 
purchased (rom Sigma. The rale or incre:lse in 
ahsorbance :ll 4)2 nm was measured at 37"C to 
dt:lermine enz.yme units in nmol or dithiobis
nitrobenzoic add reduced per min per mg of 10lal 

protein. Protein was assayed by the method of 
Bradford (1976) using a dye re38~llt concentrale 
(Bio.R;Jd) and bovine 5Crum albumin (Sigma) as a 

stand:ud. 

(0 Ma;\ic~fI protein labeHng 

Plasmid-encoded proteins were identified using 
the: ma~icdl method or Sancar et al. (1979) with 
the following modiCLcations. Cultures of pfasmid~ 
conlaining CSR6Q.3 cells were grown in ] 1111 of 
M9, CAA medium al )1·C with shaking until a 
dCllsily or 3 x lO~ cells/ml was reached. A 2.5 m! 
portion of this culture was transferred to a sterile 
IOO-mm diameter ~tri dish and irradiated (or 15 s 
wilh 254 nm ultraviolet light at an intensity of 1.15 
J/M2/S.2 ml or irradiated cells was transrerrc:d to 
a 15 X 130 mm lube. o-cycJoserine was added to 3 

Cinar concentration or ISO p.gjml. and the: cdls 
were incubated lor ]6 h Wilh shaking lU 37'·C. The 
ceUs rrom 1.5 mt or this culture were then pelleted, 
washed twice with I ml 01 sulf.ne-free Hershey 
salls, :lnd resuspended in 0.8 m( of suJr:lte·free 
Hershey medium. The culture was illClJbal.ed at 
~7"C for 1 h without shaking •• fter which 0.2 ml 
of Hershey medium· cont.aining ~ p. Ci 01 
fSSlmc:thionine (1380 Cijmmol. Amersham) was 
llud.:J. Aflcr another hour or inClJhation al 37°C. 
tbe cells wcre pdlcted. wushed twice with 1.0 ml or 
100 mM NaCI and resuspended in 60 p.1 ot SOS 
,sllmple butler (SallClr et 11.., 1979). The mixture 
W,lS b(:lted to 9:5"C for J min and 20 }&I .liquoLS 
werP: run on 12$ poJyacrylamid.e (Bio-Rad) den::a· 
turing gels using 'he bufrer syste.m or ue:mmli 
(1970). Gds were saturated with a solution o( 18$ 
Omninuor (Noew England Nude!!r) in dimethyl

sulfoxide, rinsed thorQughly with de-ioniu:d water 
and dried under vacuum. The dried gels were 
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~u/()nuorogr;Jphcd.:It - 68°C (or 6 h using Kod:li.. 
X·Om;J[ AR5 film. 

(g) Enzymlol.tic digestions and ligillions 

The .restriction endonucleasc.s Era RI and S(.III 
were gifts from R. Tail, Psrl was a gifl rram T. 
Okila. while Haem, HtJeU and BumHI wert: pre~ 

pared according (0 the procedure of Greene: el al. 

(19n). Olber res.triction emlonucie:J.ses wefe 

pun.:h:ased from Bethesda Research labor"'tories 

(HRL) and used according to their specifications. 

Cohe~jve and blunt·end lig:](ion condi(rorls. and 

tilt: preparation of T 4 DNA lig:!.:.e were c:mied Out 

according to tha: method of Tail e! al. (!9tiO). 

Fill·in f'::.Ictions were: p.:riormed in a volume of 
100 j.1! containing 10 pg of the lirll:::lr ON.A an<./ 1 

units of E. cl)li DNA polymerase I ~Klenow" 

fragment (PL Biochemicals). The fill-in burteT con· 

(ained 40 mM phos.phate, pH 7.4, 50 p.M each 

deOl)lfludeotide lriphosphau::: (Sigma), 6.2 mM 
MgCl 1 and I mM 2-merc:aptoethanol. Re41cliom 
were lc:rmin:ated after 30 min at J1°C. 

. ' ill :"'Ol:rrcQ.Ac:II"' ... __ ••• __ .... _._ .... _ .. _ ... _~ •• ItI ... 1II c ......... U .. , •• I ... ___ •• ____ ... ____ .rco rc;a .. ",oc r:l , . 
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Fie. \. Conltruclion or lbe CAT C:U1ridllCl. A p .... ti"', fftlriclil.ln map ut pJ:lRJ211 i. dnlwn .pprOllim:alcd), 14;1 s.::alc. The }'1olU It. !' .... R.I 
and 81111 clCllvalS.c Ules are 'Uniquc ID the pLnRlid. Abu sJKn"n 1m: Ibe sahenl featutts. ot lhe: 71)'l>p TD<f1 fu(!.tDCnt (we Rt1SUt.l"S). 

The two vcnical aorrows indi;;ltc the Duc],:otid.: ~uc:n.:es (S· .... y~ OI,'the: ¢Il~ of the &lmH!. s .. JI and /I" .. m. CAT QflridlSn. In 
addition 10 the 1 tip 01 the T'"[I lillI!, the BamHl and Sull Q,tt~ POPdS 4 hI' ,Jc::rivcd by rill·in tCllI:lioru. :u,,1 blunt":I,..! ug.llion 10 

their rcsPQ:ti"e sites in pORJ21. Tbc adl.liliGrulI II bp at the Cfld ~ the- HiI".1111 uziri..t&c: ""a'C dC:l"lwcd by till· in tc:a':lioo. a.nd 
blunt·end ligation 01 the S.ul Q,nridlloc III the Hllu.IIlI clc-.. ",ed pBRl27. The 11Ii~-k Wf(;cal arrow inLlit.:;t11llt a T"'ll cleav" • .: and tile 
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RESULTS 

(11;) Construction or dtloramphenicol-resiscsnce. 
gene cllrtTirlges 

The nucleotide sequence or the transposon, Tn 9, 
indicates thal the entire CAT polypeptide (plus 29 

bp at the 5' end and 84 bp at the 3' end of Ihe 
gene) is encoded on a 173-bp ToqJ DNA fragment 

(Ahan and Vapnex. 1979). As shown in Fig. I. {his 
77J-bp rragment conrains single cleavage sites {or 

EcoRI. Hinfl. Ball and Poult. bUl no sites for 

Sau)A. HhaI. Tho! or any olher known hexamcr

specific restriction enzyme. The 29 bp preceding 

the CAT initiation codon include two T AA stop 

coJons wruch are in the same translacional reading 
(rame with each other, but not with the CAT 

polypeptide. Also present in Ihis region .are two 
short sequences thaI share homOlogy with the 

canonic:J! £. coli ribosomal binding site. The 773-

bp Taql fragment does not contain the native em' 
gene mes.~enger RNA initialion point. RNA poly

merase binding site, Or cyclic AMP receptor pro

leip binding sile (LeGricc el :11.. 1982). 
To change the Taql restriction siles a( (he ends 

or the 77J-bp rt:lgmenl, the rragment was cloned 
in pBRJ27 by blunl-~nd ligalion. The plasmid 

pBRJ27 was digested with either Sail or BamHI, 
the cohesive ends made: blunl by a fill-in reaction. 
and (he prouuCtS blunt-cnd ligated to the treated 
Taql rr:lgment (see MATERIALS AND METHODS). 

loserting the TaqJ fragment inlo either the: Su/J Of 
Bam HI site restored the respective he~amer re· 

striction sites on each end of the original Taq I 
(ragment. Recombinant plasmids containing a Sail 
or Bam HI CAT cartridge were isolatcd by select

jng for Apr Irans[orm.ants on LB agar containing 

20 ~&lml Ap .and screening (or the em' pheno-

(PCM1) lam HI 

Pall 

HI.d~'" 

......... ................. ..---_ ... ... 

pBR327 

33kb 
DO 

(pCM4) 

Bam HI 

(pCMf) 

&'1 I 

Fig. 2. A circular map or p8R327 sho .... ing the pQ~tion5 or .. ,uiuuI CAT ~rtrid&~ in'erI5. The Hi"dlll. SaIl and B"".,HI tartrid&<: 

ins~ru arc ,ho .... n in Ihe R orienl:llion (CAT CO<Jing sequend re;ads in Ihe dock ... i~ dirttlion) ouuide Ihr; tird .. u..s tOrresponds 10 bp 

coordinatcs 29. J7~ and 6~O. resJXClivdy. The numb.en insille Ihe ,jtd~ ~r~ bp mOfdi" .. lrs inJic~ljng Iho~ HarJlI ,il~ into ","ich 
Ihe Suit caruidst ... as inl<'rlrd. The si.;!e o/lJl c:ulridsc..£"onl:oining pl:umj<J Jcrlv:o!;v(!S ;$ 4. r kb. 

5'7 
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.. Th" a.,>lgn .. t'on$ Rand L '"di.;,,'!!: a riUuw'l.n! Of Icftw.mS Oricnl;Hivn of Ih., .:arlri./gc in pBRJ27 {FilS. 4}. TIle l.:"i.lan;.:c lev<li. wer" 

dc;lcrmincd by "f.,:akin, 1;4"i'" CIIIt"ru "n L9 nleJ'''tll ':otllairun!l 0.2$ .1..,.,;.,>"" plul v~riou$ ,:oll<:.:1llr:.I\iun. 0,)( .:hIUl4I11ph"ni..:ol. 
PI"I"" were incubat.,d 18 II ... 30·C. Ihc" ""or"" for Ih .. p'C","",W( u( ;lb ..... .,;" ot vi.iblc .insle cd",n'c •• The limil ut re .... I"liul'l of til" 

Jp«ltopholOmclli..: au.a~ rOt CAT "';U 0.2 ~pc..:ifi.; "';Ij~il)' unit~ (nmol/min/mg prolein). $I"nuar'" " ... in """uruin& 10 Shll .... (197~1 

arc mc:uu.ed in ,IImoljmin/ml prOIc1n. All v.Ii,,!!.> ~lC th.: ... ~r"g". o( n>": .. "lemcnl> mad. ~I 1.:, .. 1 in Iripli.::u". 

typ~ by re?lit.:a plating to LB agar containing 30 
p.g/ml Cm. Th~ Sail CAT cunriwgo;: W:l.S 

transferred 10 the HmdlIl !lite or pBR327 in the 
$:Jme: manner, tegener:uing HindHl sireS on both 
end~ of the DNA fragment. As indic:l!d in Fig. 2. 

pJasmids pCM 1, pCM4 and pCM7 contain the 

Sun, BumHI and lIjndlll c;Jrtridgc.'i, rc->pC:L'livdy. 

(b) Promoter--dependent expres!>ion of the CAT 
c:u1ritJge 

As shawn in Table: I, the CAT canriwgr::s werr:: 
c:xpresscd al a level 12-19$ that or the wihj-I'yp~ 
CAT activilY level when place,", duwn:.lr<:;,Ull of 

either the Tc f gene promoter (pCM I ;Ind pCM4) 
Ot lhe: a·Te f promoter (PCM7B). At the same 

positions but in the reverse orientations. the: CAT 

~3.rlridgcs were expressed :U Jram:J(il.:ally reduced 

levels. However, in. every case a ba);l1 levd of 

expression was detectable:: in terms or both (h~ em' 
phenotype and CAT activity. When Ihe: Sull CAT 

cartridge was inserted into the Sail site: or pPVJ3, 
a Tel promoter deletion plasmid ucrivcJ from 

pDRJ27 (West i1nd R.odriguez. 19H2). only ba~al 
levels of emf and CAT activity Were lletcctcc.l 

(pPV50 I). That high levels of em' gene ~prc:ssion 
Were ob~ervcd only when the c;mridges \l,-erc ill
St!rtC!1l downstream ot a plasmid promoter implics 

lhat each c.utndge was missing its native pro-

moter. This inletpr~la(ion was verified by inserting 

the: S,,1l CAT c:1midgc:: into an MI3 cloning vec
lOr M I Jmp7 (Me~sing et al., 1981) in the direction 

opposite: w {hat of phage Ir:mscriplion. CAT activo 
ity was not de!ected in E. ~oli cells iofr::cled with 

Ihis r.:combinant phOlge dcrivalive (dala nOI 

shown). Thcse results an: con.si.stcnl with the in 

....iuo s[udie:i on the emf genc= promol~r by LeGric..:e 

et al. (1982). 

«(;) A mllp or tn1Jl.SCriptionaUy l&CtiVfl fe<.ions of 
pBRJ17 

To I.lc\ermine tho:: levI::! and Jin:clion ur tran
scription around lhe: pBR327 g(nome, the: Still 
CAT cartridge was inserted into various Hu .. 1IJ 
sitc:s on .he: plasmid (Fig. 2). Plasmid pBRJ27 was 
parli::dly digested with Hudll (;.;pprox..imately on..: 
cuI per 20 plasmid molecules) and bhmt-(nd 
IigaleJ to purified Sail carlndg!! DNA that had 

bc:en made blunt...:nded as described e:s.rlier. Thi~ 
treatment regenerated Sui I sitc:s on each end of 
the inserted cartridge, fal.;ilil:uing subsequent 

restriction m:lpping of insertion sites in c:ich de-
rivalivc= plasmid. Translormants were selected on 

LB. 0.2$ glucose medium containing. 10 pg/ml 
em. Sckctiof'l On LB agar conc:.tining W p.g/ml 
em limited our analysis to only those HtltdH 

in~crlion sitr:s whete the: CAT c:.:.rlriJgc could be 
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Fig. 3. The Sull digcslion p.1.lIcmS ror p8RJ27 derivatives 
conlaini(ll Ihe S.al! nrlridge in or nc:u Ihe Tc;' acnc. All 

rtoCOmbin.nu c:orllain Ihe n~·bp S .. II carlrid!c plus 1"'0 olher 

Sail !r.olmenls .... hO$C li~ .I1C used 10 t!:uim .. le Iilc Flrt;('Ur.a( 

H" .. 1I1 insertion ,ile in pBR127. The bp IX>Qrdinalct. (~e: 

F,,_ 2) lor th<: ".rious urtriJICI an: as follow$; Lane: ... J2::1S; 

I.nc:: b, 114; lane" 297; ~nc d, 401; Itne e, ,2S; lane r. !Ill; 
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expressed al a detectable 1cvd. The sc!ct:tion for 

em' clones on media containing less than 10 j.lg/ml 
em raih:d to discriminate chromosomal mutanls 
tor Cmt from plasmid-mediated resist;mt cells. 

Pbsmid DNAs were sc:reened ror unit length 

pBRJ27 joincd to a single: Sail cartridge. The 
exa!;! position of each insertion was determined 

using a combination oC Salt Pstl, Hinn. Hhili. 
Taql, Thal. Hadl and HaelU digestions. or 121 
CmT tr3ns{ormants examined in this manner, 34 
were shown to be unit length pBR327 plus a singre 
Saii cJulridge insertion. Of (he 17 possible HatUl 

Ian .. 3 . .5%; \.In .. h, 130; I .. "e i, 919; lanei. lo.u. The oriJinaJ 

SIIJI site j, IOC:lIcd al poIilico 6~O (out or a tow 01 3l7l bp). 

The Oilier IAnn t:(Jnl.ln +:29 O~ .... di,dled wilh Hi"dllt to 

)'i~ld O~A rr:l&fl""'nl$ will\ the indiC1lc.d siZd. 

CAT Orientation R 

c.: 

---- -- ----_ .. -------_ ... ------ --------- .... _---, 
f 

1t Ie IS"'--- 1. Tt 
~iI .. II .. IIII .... I_~o~r~i~~~--II ...... ~ .... ~~II • 
• 2 ----------14 Ap ~'2 

CAT OrientQtion L 

0.4 

0./1-

Fia..c. CAT "aivil!es 'no the position Ind oricntalion o( anodic inscrtiont.. CAT IIl:1ivitic:s IrC c::xprnM:d as a rnction of Ihe &ttivil), 

in cells CORlainins pBRJ211, 1I0wn and luaycd undct Ihc $ollI"C conditions. The 'rC11ical ban indieale lhe Iev¢I o( CAT xlivilY II 

varioua ~Iion' ... itrun plumid pBR317. The dashed lines abovc and below the map or pBR327 {horiz.onlal p;isl denalI: houndary o( 
In c::xpan.inn of thc 'tCl1i~1 sulc ao Ihal low levels o.r CAT IH;livilY c:;an be "sualiz.cd. The position ... nd orienlJlions of prn-ioluly 

idQJfified promoters (:u:e RISSUL TS) ace indica led by numba's I lflrO\la" :S. PromQlI:r f is Ihe Tel ,cne prQrnOlct: ptOfnOCer 2 is Ihe 

~.n(i-ICt'· promoler; promoter) jll. Ihe native Ap',cnc promoler; promo',,' 4 "'.IS itlcn,ili=.l by hob ,;mil TomilJlwa {l980~; promoler' 

is. responsible ror thc produclion or a l04-base tr .. nlOCnpl (Ch,,," cI al.. 1979). The upper half of the gr.ph (omains CAT .(li~iIY "alua 

(or cat[(idi~ inserted in !.he R oncllCalion. and the lower half (:OIulins Yalues rOf c~midgell inserted in the L ori~nl&ljQn. 
&( 
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insertion .sil<!S, }4 sife:; rCt;..:ived a carlridge. Only 

One site:: (posicion 240 I within the Ap' gene) n:-
ceiv.::d a cartridge in each Orlenl:llion. The Sui I 
digestion patterns (or pl:.lsmids with a cartridge 

in:;ertcd in the vicinity or the Tc r gene an: shown 

in Fig. 3. 

Cells containing each of the c.arlIjtl8c imcrlioll 
plasmid;:; were. assayc::d lor CAT activity, ~nd lit.: 

resuhs arc surnmotrrzc:d ill Fig. 4. Two m;.!j~lr puints 
un: d.::ar (mill Ihes.: d:J(a. First, pla!>nlid pBHJ27 
has regions o( high and low lIan!>l:riplionil! ut.:livily 

Bnd seccJfld, the cartridges arc: not expre~!Oel.l equ .. lly 
at different positions within a transcription:,lIly 

active region. 

As expected (rom in vilro studies by West and 

Rodriguez (1980) and Stuber and BujJrd (19IlJ), 

inserting the: CAT c::Irltidge inio any of Several 
posjtions aetiv'lles Cm' gene expression. High !'::vd~ 

of CAT activity (12-57% o{ wifd-typc:) wer.: ob-
served when II CAT cartridge was inserted in Ihl! 

rightward orientation (R) downstream of the Te' 

gene promoter (promoter I, Fig. 4) through the: 

Te' gene, and in the IcClward orienl:llion (L) 

downstrc.:l.m o( the a-Tc' and Apr 8t:ne promolt!r:; 
(promOlers 2 and 3, respectively) Ihrough Ihe Apt 

gent:. A slightly I?w.:r level o( CA T activity (8.3$) 

Was obsc:rved when {he canridge was imicrted in 

the: L orienta don between the Apr and Tc t genes 31 

po~ilion 1863, downstream of promoter 4. This 

CAT activity value is likely to be an underestimali': 

or transcriptional activity in the L oric.IHation 

Ihrough position 1863 since ins.:rting a c.:mridge ,al 

Ihis posl(ion resulted in roughly an 8· [okl r.:due

(ion o{ plasmid copy number (copy number data 

00" ~h0wO). Another strong promolcr (promoter S) 
is knuwn 10 hI! re:.pof\~iblc: fur l.I IIJ.4-huse Hun-

sc.;ript in vitro and in vivo reading in the R orienta

tion between the Apr and Te' ge:n.:::;. This promoter 

was not identified using the em' gene C:J.rtridges. 

HQWC:VCf, the only Hal.']]1 she in thi:. .lrell li~ 

within tnl! promoter sequence lor the: 1D4·ousc: 
u:l1ls<.:ripl (Chan ef at, 1979). Insetdng the 
car(fidl!;~ inco dus Hl1~IIl sice presumably disrupts 

the promoter. preventing CAT expression al dcaec-
lable levels in the R orientation. 

Low Il!vds o( !;AT activity (0.05-0.48$ or 
wild·t),pe) were observed when (hI:': cartridge was 

inserted backwards in either the Ap' or Te' Icne, 
and in lhe R orienlarion 31 the HindUJ she, dis
rupting the Tel gene promoler. When the CAT 

~ I'jtt7,a" j 
~ • bed 
~01q 

fe' 

API' 21-30( 

em' ::as-

• , g h I j k I 'm n 0 p 
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cartridge was ins<:rted into the Apr gene in the 
anti-sense o·nenlation. CAT activity was produced 
al about 1/40 of the levd in the forward or $en~e 
orientation. 1 n comparison. expression of the ('AT 
.c;Jrtridge in the antisense oric:ntation within the 

T;,;' gene ranged from ahout 1/600 to 1/200 of the 
level in the forward or sense orientation. The 
source of this low level of transcription in either 
case is nol clear. 

Downstream of the Tc' gene promoter there is a 
discontinuous pattern of Cm' gene eJr.pression 
versus the posicion of the inserted c;lf/ridge. This 
discontinuity cJ.nnot be attributed to difrerences in 
plasmid copy number since the copy number of 
each plasmid with a CAT cartridge inserted in the 
Tc' gene was found 10 be nearly equal (dala not 

shown). The leveJ of em' gene c:cpression does nol 
steadily decrease: as the distance of the cartridge 
from the Tc' promoter increases (see Fig. 4. R 
orientation in the Tcr gene). Therefore, the length 

of the messenger RNA preceding the em' gene 
>eS not appear. to play an important role in 

\ -ausing' this irregularity. Since the Sail cartridge 

contains stop codons in only one reading rrame, 
one: might propose a competition between (he pro

duction of fusion or truncaled missense poly
peptides and native CAT polypeptide to account 
Cor the discontinuity. This possibility was investi
gated by using the E. coli maxicell system (Sancar 
el a!.. J979} 10 examine the sizes ot the proleins 
produced by the various plasm ids containing CAT 

cartridge insertions. When the CAT cartridges were 
inserted in the R orientation within the structural 

porcion of the Tc' gene. nalive siz,e CAT poly

peptide Was observed (Fig. 5. lanes c. d. e. g. h. i. j. 
k. m). Cartridges inserted within the Te gene in 
the L orientation resulted in the production of 
lillIe or no CAT polypeptide (lanes C. I, and oj. h 
should also be noted that aU cartridge insertion.!! 
into the Tc' gene resulted in the disappearance of 
the Mt 34 X to J Tc t protein (Fig. S. lanes pBR327 
and pBR328). Although this prolein is required ror 

Ihe expression of Tc' (Tait e( al .• 1978), it appears 
'0 be preceded by and overlaps with an M. 19.6 X 

\l polypeptide oC unknown runction (Sutc1irre. 

r' ~97.9). A cJ.rtridge insertion in the non-overlapping 
.. ~ ... regIon o( the M, 19.6 x 10J polypeptide coding 

sequence al posilion 174 (Fig. 5. lane c) would nol 

be expected to afrect the M t 34 X IO J protein. 

)0 

Furthermore. no fusion products between CAT 
and thl! Mr 19.6 X ra) or 34 X to J proleins were 

observed in the electrophore1ic pallems shown in 
Fig. 5. This was uneJr.pected since cartridge in

sertions :11 positions 533 or 297. J75, and 525. are 

in the s::lme translational reading rrames as the M, 
19.6 x IO J Or 34 x. 10] prol~jns. respeclively. 

When the CAT c::Irtridges were inserted in the L 

orient::ltion. abundant expression of the CAT en
zyme was ohserved in several insl;:mces. Two or 
lhes.e C<lseS involving insertions at positions 29 and 
2668 are shown in Fig. 5. lnserling the CAT 
cartridge at position 29 (the Hind III site) abolished 
eJr.pression of the M, 34 x 10) protein by disrupt
ing the promoter for the Tc' gene (Fig. Sa and b). 

The L orienta cion placed the em' gene under the 
control of the a-Tc' promoter (West and 
Rooriguez. 1982). Similarly, inserting the cartridge 
at position 2668 abolished production of p-Iacla
m:lSe, the Apr gene product (Fig_ S, lane p), but 
enabled the CAT gene to be expressed by read
through transcription rrom the Ap' gene promoter. 
In this case. the absence of a p-lactamase-CAT 
fusion polypeplide can be explained by the pres

ence of fwo translalional SlOp codons on the CAT 
cartridge (Fig. I) in frame with trJ.nslation of the 

Ap' gene. 

DISCUSSION 

Using the CAT c::trtridge system of analysis, a 
map o{ the transcriptionally aClive regions of 

pBR327 was constructc:d. As shown in Fig. 4. low 
levels or tr:lOscription were observed in inlergenic 
regions on the plasmid as well as in the: anti-sense 
direction through both (he Ap' and Tc' genes. 
Assuming th3tllll plasmid transcription initiates at 
defined promoters (West and Rodriguez. 1980; 
StUber and Bujard, 1981), intergenic a.nd ~nti·sc:nse 

transcription could be due to either lhe loss oC 
(ermin:uion signals during the construction of 
pBR327 (a';d pBR322) or occasional readthrough 

transcription P;lst preferred termination sites. For 
example. readthrough lranscription from promoter 
S (Fig. 4) is probably responsible (or the expres

sion at CAT "from Ihe carlridse inserted sl posi

tion 2401 or 2668 (R orientation). This notion is 

(PJ 
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conSiSlenl with earlja sludies Iha.{ reported Ihe 
expression or promoler-deCicicnl genes cloned in 
lhe anti-sense direction or the Apr genc (Chang ct 
at, 1978). As Iht:~ insctr;on.:l iIluslr.:ut:', expression 
oC a cloned gene in both orientations <::lOOlJt be __ 

ustd as the wi.: critc:rion for dc:termining whether 

II gene possc!.ses its own promoter. 
In transcriptional mapping studies th.: CAT 

cartridg~ can be usc:::d (0 detc:::rminc Ihe localion 
and dir¢ction of tr'lo.scription, but qualHitativ~ 

comparisons of promoter str.:nglh should nut b.: 
an.:mplt::d. To emphasize this point on.: n.:cu only 
consider the difference in the lcvd:o of expression 
between all insertion at position 525, whir.:h re:;u!t:. 
in only 155li ot rhe wild-type lcycl of CAT activily. 
and an insertion at position 532, which rt'!suhs in 
40% or the wild.cypc level (Fig. 1 and Fig. 4). 
Sjnce these IwO inserlions are downslfellm of ihl! 
same promotcr, nnd only 7 bp apart. th~ l-folcJ 
difference in Cmf gene expression must reneel 
some important difference between the two in
sertion sites rather than differences in promotc:r 

strength. For cX1Irnple. there may be regions witnin 
the Te t gene !.hat afr~l RNA polymeri.l£e p:lu:sing 
and premature termination of transcription. 

The maxicell analysis rev~fed that n:Hivc: size 
CAT polypeptide was always produced when the 

promoter-deficient CAT cartridge was inserted 
downstream of a plasmid prdrnorer. This dem
onstrates that the CAT cartridge carries the ribo
some binding site Cor the Cm' gene. However. as 
mentioned above, the levels of Cm' .lind CAT 
activities were not equal (or different insertions 
within the Te' gene. Although Goldfarb el lli. 
(1982) have demonstrated a competition between 

the production of native and (usion CAT poly
peptides in £ coli when Bacillur subtilis DNA 

fragm~nlS arc fused to the CAT CArtridge. Ihe lack 
of detectable polypeplide fusions in these studies 

suggcsts thaI (his discontinui(y in e;\prt:!Osion is nOI 

due to II comp<:tition belween the CAT ribosome 
binding site and other ribosome binding sites pre

ceding iL 
Ins.c:rtion or lhe CAT cartridge: at any position 

within the Tc r gene resulted in the In;tClivatiun of 
the Te' phenotype and the disapJ>e;1rance or (he 
M, 34 X 1{).1 protein. Other studies using the CAT 

cartridges have shown tholt there is no Iranscrip
tional (erminaco( at (he: J' end of the carlridgc:~ 

(d.;zc .. nO! included). Thcrdore, the >lb:SaJcc: of the 
M t 34 X 10) protein resulting rrom a c:lrtridgc: 

imertcJ nearly 100 bp upstream of ils put:llive 

transl'Uiol}.l1 SI3rt point $u8&:~IS a rcouJ<ltory 
m~hanism (Of the Te' gene similar to the allenua

tion control mechanism of amino acid biosynthclic 
gc:ne:; (Y;JllO(.sXy. 1980). The expression of the: 
CAT cartridges within the Te' gene may repr(!Sen{ 
Q. sper.:iul c.:alie with respect to lhe way (hey an: 

.:xpct'!S$!:u in I,)th<r gene:.. 
The U$!: o( the CAT curtriJges to map tran

scriptionally active regions on pBRJ27 may serve 
RS a general method ror the transcriptional map

pin~ uf a v'-Iriety or extri.lchrumo:,oOlal ekmcnts. 
As in this s(lIdy, expfeisioi1 o{ the em' gene UI 

various points of in$!:nion cao be scorcd pheno
typically, Itnd CAT aClivit)' mcasured crt2.),mati
c.ally. Addilionally, proouclion of the CAT poly

pt'!ptidc can be detected immunologically by pro
tein blotting techniques using antibodies to puri

fied CAT protein. em' gene-specific RNA can also 
be examined by blotting and hybridiz.alion t~h

niqut'!$ using probcs such as Ihe plasmid pCM I or 

purified CAT c.artrid&e DNA fragments. The ex

pression of Cm' by a particular host is the only 

(actor which Um.ils the use of the CAT c:lrlridges 

Cor Iranscriplional mapping. Since the Cm' gene is 
expressed in S. cut1Jis;ae. we are using the CAT 
c.artridges and dcriva.tivc: plasmid vectors in yeast -
to examine promoters from yeast and olhc:r 
eukaryotk organisms. 
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Efficient integrative transformation of Cephalosporium acremonium 

Paul L. Ska[rud 1.2. S(ephen W. Queener l • Lucinda G. Carrl, and Deborah L. ruber 
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Summary. A hybrid gtne,IPNSp/HPToif.wJscOIISlruct. 
ed by pracing an 850 bp ~quen~ or Ct:phulvspvrilllll acre-
monium DNA next to Ule 5' end of , b;J;C:4!filil open 
readiilg frame, UPT.".,... The sequence was obtained lIli 

III 850 bp Neal reStliclion fragment from the 5' nOIl

coding region oj' the C. tlcrtmo"ium isopenicilli'L N ~yn· 
thetas!: (IPNS) gene. The UI"Toif was obtained from a 
bacterial gene thai coded for :t hygromydn Jj phospho
transferase (lIPT). PI:lsmids thai coltla.ineu IPNS,/llI'T<1I1" 
lfamrormc:d c.: QCfemOn;um toJ a stably n1:linlaillcd hy
gt'amycill IJ resistllJlt phenotype. Southern analysis uf 
local DNA from lr31lS(omlanu dell10nSlraicu lIlullipfl: 
bltCgr.lljolls or the tHul.sfurlllilll! DNA ;/1 1111.: high II/ole
cular weight DNA or lIIost lHln~rUrl1lallb. but $illRk 

integrations were ubscrvcd ilL a few lrilll1fofmants. The: 
number of lraHSformalits per j.IS of DNA Wa$ about J OU 
limes gre:Her dIan foc pr:lsnrids Ill;!! COn (ained (he 111'1',", 
without any ju:(upo::.:cd eucaryotic plOmoWr sequeucc. 
Plasmids with the promo tcrless HPT Ilrf :11\(1 plasmids 
Wilh a truncated S. cereviriae phosphoglyCt:ralc ]dllase 

promoter juxtaposed (0 the HM'"" transfurmcd C. 
Dcr~monium at eql.livaJenllow fl'eql4cw.:ies. 

Transformation of C Dcremanium wilh Jin(:uiJ:Cu 
plasmid DNA produced at lean 2-3 (old mor.: tIOlns-
roonan[S th3l1 tht correspolldin~ circular mot.:cule. 
Several observations were made concernillg proloplasl 
fOlmation and hamJljng which made Ule tr:lllsform:.ltion 
protcdl.lre lUore efl'icic1l1 and .1JJowcd ;I greal.:r propor
tion of proloplllSts to regcnerale to viable waited ce!h. 

Plasmio:; were constructed that cOIlLainetJ bUUl Ule 
U'NSp/HPToif IfId additional elemc:nt.s: (ragmenls of 
C (/cr~mofJium ribolO(llllal DNA (rDNA), or a fragment 
of C. Ilc¥emonium milodlOmJrial DNA po~~sillg llclivily 
as an autonomous replkalion sequence (1\ R$) in S. 

0l/prill' requestl! /0: S. W. Q"C:~IIc:r 

cercl'ul(Jl!. or putative tlanscriptional tenninationjpoly
adenyl"tion signals from the IPNS gene. Thc!Se plasmiJs 
transfurmed C. (1t.'rt:monium at frequenCies c"perimo!!1' 
I;JJJy equil/aJenl 10 UIO!Se contailling IPNSp/J IPT oif 
without any of these additional elemcnts. 

Key words: CeplUJ/olporium IZCremonium - Transfor
III;ltiUfI - tlygromycin a p!aosphocnuu{crase - Fi/:J
mCl\lous rungu~ - Bela-lat;Ulm anlibiotic: 

Inlrod1.lctioll 

C. Qcr~nl()n;' .. ml is • medic:l.fly and indU1tlialfy impur. 
tant li/amelllous (ungus lbar produces Uu: beu-lact:lm 
antibiotic cephalosporin C. Cephalosporin C is c:ht:mi. 
cally 11Iodilic:d to ptodu~ mallY clinically s.ignifh:>lI''11 
alltibiotics (Uunnell et al. 1980). The asexual nature of 
C acrt:mo,lium impedc:s study and manipulation by 
"classical" g<tlC'(ic methods. Ncw:rtheJl!u. over the: p:J~1 

thn:e dc:cadcs natural selection and mutagcne~S/scret'n. 
in~ (I.:.Jander a.nd Aaki 1982J. biochemical selectioll:> 
(Oueen!!r et aI. 1984) and protopLut fusion (lIamlYI1 
cl at (985) have been used 10 siudy the genetic charac
rcris[ic::s of rhis orgiUlism and to dralt14tically improvc 
the fungal productjoll of cephalospo.dn C. 

Comp:lIed tu extensive studies or SaccharomyCt!s 
cer~l'i$iae. molecular biology in C. Dcremonium is at :111 

early stage. Recently low rrequency integrative genetic 
(ClIus(orm.atioll of C. acrffltOnNm was demonS/fa (cd 

(Qu('tnt.'f fl aI. 19~5; Cllapmau et aI. J91:J6). Tram· 
(orming DNA consisled of plasmid:; carrying 0\ hybrit.! 
a.lltibiQlic resistance gene, PC Kp/tl l"T"". The hybritl 
gell!; had an upen reJ.dUlg frame, HP'r"". obtained frolll 
OJ piasmid-borne gt:ne thaI encoded .3 hY8I.omycin B phl,l~· 
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photrlllsferase (HPT) in E. coli (Rao e( at. \98J). To 

form the hybriJ gent! thc HPT <1'/ was juxlaposcJ 10 1 

fragment. I-'CKp • obtained from the 5' nOllcodil\g regiol! 
of the phosphoglyct:r.Ue kin~t! (l'G K) g!!lle of S. c:t:re-
visiae (Kastt!f c:l aI. 191j4). I'CKp exl1ibit~ promoter 
fUJlction in yeast as judged by ils ability to promote 
c);prcuioll of open rcading fraltles ill YO:;lsl wltcn jUX(;J' 

po:;ed in carre.:! oricll!;J[iOJl to Ihose urh (K.l~!.:r .:1 OIL 
19~4; Queener et ~I. 1\)~5).llItht! nati ... !: yeastx.:n\! this 
(ugmclI t is illun.:uiatdy adja.:ell t tl.l th.: 5' cui.! of th..: 
open n:ading fr;jllle.l'l;t~t,Jif, Ulal codes for I't;K.l'l;Kp 
dl.lc:s nol contain Ihe two upstre;tO\ activuting sel\lJeu.:cs 
{i.!emonslralcd by Ogueu el al. (1~86}ltll'H 3n: present 
ca. 400 bp 5' 10 the A T<..; or tlll: PC Kor( in yeast. C DL7J!' 

mOllitlm uansformilnt:> obtained by eXjlosiJltprOlUplasls 
. to PCKpfHPTo.r<ontaining pla~mius were stable allLi 
exhibited a hygromyc:ill n resistant phcnolype nol ob· 

served in UH! untransformeu recipient strain. The: trans
formed phenotype was associated wiul presen.:e or;l.n 

in(race!llJiar HPT tl1;]( WilS not present in the uIHrans· 

formed recipient urain. W'T in C acremonium If:ws-
fOIrnaJlU lInu UPT in Iht: E. coli strain lilal harbored 
U\e natural HPT ge:ne bOlh exhibited the same substrate 

specificity in \litro. Transfurmation of C acremoniul1I 
occurred by integration and rnuhiple integration eveilU 

were observt:d in all lran~ronllanLS analyzed lQuet:ner 
et al. 1985). 

AppIkalion of recombinallt DNA technology orrered 
for Ih~ firsl lime an ability 10 alter $p~cific:lJly ~nt.l pn:d· 
icl:l.bly char.lcteristics relevant to antibiotic proJ,!ction in 

C acremoniufTt. ror example:, lhe gene whkh pruJu.:es 
uo~nicillin N synthetase (II-'NS). a key enzyme ill 
cepah!osporin C biosynthesis (Queener and Neuss I'.HE). 
was recendy cloned (Samson et al. 19!15). Returning this 

gene to C acremonium in multiple copy fashion m:ly 
incre~ antibiotic production. Although our original 

transfomlOltioll ~ystem for C acremonium maLIc t1le 
I~tler manJpulaLion po~ible. tf:lllSform<ltion rrctjucllcy 

was only Ca. 02 lransfonnanu per pg of UNA (Queener 
et aI. J~85). Inelliciency of transformation slowed our 
gclle-4lJ~age studie~ and preduued p,actil.::l1 ~ppliL::llion 
of many molecular biolugical techiniqucs: screening I 
library of C. acremollwm UNA by complementation of 
C. acremollwm mUlauU. disrupting 01 gene as described 
in N. crassa (Paie tta and Marzluf J 985). or doing gene 
leplacemenu like those reported in Asp~rgillul nidlllcm 
(MjlJer et 31. 1985). In adujcion to these limilatiom, We 

observed considcra·ble variation ill transformation 

frequency. particul;aly when transforming strains olller 
Ulan the wild type strain or C. acumonium.. To solvl! 
these problems. we have: constructed a new hybrid IIP1' 
gene, IPNSp/IWr 01(. Here we describe that construction 
and report Cilac plasmids con taillinl!: fPNSp/flPT e»f 
transform C acr~mollium al frcquerll:ics IOO-f old higfu:r 
than those ob:;ef'led with our previous ... eclur.;. Ob~r· 

r. 1... Sl~lrud el .1.: G.:netic rr~o>rormaiion o{ c.l1armonwm 

\lations thal improved previously reported conditions 
for preparing and cxposiu& pratoplJst~ to tr.wsforrning 
DNA (Qu<!cner cl OIl. 1985) Jre also des.::ribt!d. 

Malerial~ lilld methods 

SrrajnllJnd m~diIJ. WilJ type C. acumonium strain ATC'C"IISSO 
..... "" used I<)r all tr~lUrorm;l!lon experiment>. 111C mc:,Ji. u..,d 
"UI th~ ruu(lll~ .ruwllt ."J ""!~.:Ii<..IIl "I' C. "C"r~m"",'um tr~tI,(U(' 
m~nJs hue: been J,,~riUcJ (Oueel!er cl .... 1')115). I!:. coli ,tuiu 
JM 1 U9 was u..:0.1 (or .U ~:. call lr~lu(ormalian. and propo",iun 
..,( re~umhll'iIJ\l pwmiJs. 2 .. YT nleJ,um (MIHer 1'I12J "'I'plc' 
m':ItI~.J .... ilh 100 I'~ml .mp'cill>n. 4U "'tUml X-CAL anJ 40 I'd 
ntl I t'TG , mU {r'lm SLIIIII. Cllcll1LCIII Co ........... uocd lar ..,k,,:UQn 
of lml'lo.:iUin reihllnl lun.r'Hm~nh .. 

Trrmr!ormQ/ion. E. coli were ll3n~formed accordin, to Iho: 

methoJ of Cohen et al. (\ <]72). C. IIctt'morrwm 'lolls m.mformeJ 

m..:corJln, 10 the melhoJ of Quccnu el .t. (l'lIlS). In >eveu! 
experiments modificationl cr Ihe puIJLilJled pro.c.ellwe "'ere 
incorporated; th" .... modiClcation$ ate Rolet! in Ih.e t.I:)l.l. 

DNA Iwl4/ion. DNA · ..... u Lsofucl/ (rom C. IIcr~monn.m by Ihe 
melhod of Minulh cl .1. (J'I81). For small JaJc Uotuion of 
DNA from C. IJcrcmonwm Inmfonnmts. lhe mycdium of a 
WillIe c;olony or a eonOuenl lawn of Iro .... lh wu harvcswJ from 
a,u mcuLun! con(aillU11 1I),ll'omy.:in 9. For nuil! "TeCI J5JU. 
mycelium WU (lorn Ihe ~e medium ..... ilhoul mlibiotic. Mycdia 

wele procc_J u described in Ihe method loove U.cepl Ihc 
DNA ..... iLlI nol purified by cesium chloride equilibrium c"nuiru-

1~ljun. 
R~,:olllb;nani pbsmids w~rc holal~d (rom 1;.'. coli ~..: ... u,Jin, 

tu Ill<: !\letlLoJ o( O.:wetl (1 'H2]. R:oLpill ,mall ~Cllc E. coli pl">llliJ 
prel'Quliuns .... ere m .. Je u dUl:l1bcll by Klein d aI. (I'IljO). 
" mDtlili..::uion of the npi,", mClhO<! uf ~..:khuJt {19JK, wu 
used to iuenlify ptumid' Qrry;n, in""rlionl 01 delcliolll when 
Ihere w;tj no phenoryp;c masker :lya~blc 10 inJkale thc plesen
ce. or lbocnce (j( such e\'enrs. .. 

h~pa'l1lion of J'JP·l4bde<i DNA /01" uu III h)'b,idi~l1lion (Nobrl. 
The methoJ of R.lllby eili. (1'177) was u~eu for r.bclin, pt;I:oRliJ 
ONA (ut UJC U J probe in hybriuhJlion upcrjmcnll. LlATi', 
.JGTP, &l\d LlTTP were plUc~scd from Catbiocht:m. DcOllyCytj· 
I4nc S··lalph;a.)ll'l uiphosph;\te, Iticlhylammonium ult WJ.S 

pun:h;ucll from New En~!anJ Bi'llab$. Specific leli.-ily of 1{(Jb<1 
proJl.lccJ by Ihil procedure wefe 'ppruJ:imllely 1 .. 10 tpml 

~,ur DNA. 

Tltln'fu and hy6,irJi:aticn 0/ DNA. Thc mcfhod o{ 5<Jlitltcrn 
(1915, was IlseD 10 ,um{u denatured DNA (rom qJ.fost! Jell 

10 niuocclhllosc paper (BAliS. Schleicher anLl Sc:hu.cll). The 

DNA w&l fi)l.cd to the rllters by bakina II 80·C rOt at Ie»t 2 h. 
The method prnenled in Muillis el It (1982) wu employed 

'(or .he h),btidWLion of udio-bbcled plobcs 10 DNA immobihz .. 
cd on Ihe fillen. NiuoccUulotc: (illen cxposel1 10 prolJc DNA 

- werc wuhed, ai, !irieLl •• nd upo.eJ 10 Kodak X-Om.t AR Iilm 
with inlensifyinl seteen, on both sidu I( -70·C {or .n Zp9(0-

pmrc ~Iioll of lime. 

ReIfric/jon tndonudtllu dite:rion. DNA Irqmen.r ;~01,,'/on. 
lip/;u", ;md rlrl2TOU pi ,/rr:ttOpJrOl",ris. All of Ihew: proc.:dcues 
,,"crc ,1$ desclibc:J prcvioll~ly (SbllUli aNi Queener 191:14). 
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Fig. I. ConsuuClian of phumids pPS2l, pPS22, pl'S24, "nd 
pPS2S. -AblJnri(uiofU: PGK.p • 2JG bp BamN r (ragment III;»,! 

cxhibiu promoler activity In S. t:~r~~/zi4c - laken from the S' 
Jloncodin, le~on of U." pIIO'pnollly",,,r.ille !till .... .:: Ilene of S. 
t:tTltlli:rit:r:; HPT "'I the Uj)<!1l f~i.lillll !'r~m~ of Ih~ hnzonl)'!;;" 
B phospholnn.((rnc 1"111: rrom E. t:ali; JPNS",/ til" <.Ijl":" r..:;a.J
in, (r;&me ot th" uupcnicillin 1'4 s)'nllu:llu~ ,cn" (ronl C. Qcr~nrtll1-
Jum; JPNSp ... quence or DNA Ih;.l\ cllhiblll promotcr ."Iivil), 
In C. IICT~1JJoni"m - liken r(om thc S' nlln.:.odinl' re,ion or Ihe 
~opcnicjUin N lynll\(lal<: I'CII~ of C. IIC1'emon;um un ~II 1!"s0 bp 
NCfJl (r1lment (iee M'~heril.u..and melnO<iI).Rtsm·c!iofllfnzymu: 
X XlfIIll; B B(lItlll1; N Ncol. Ollly thus¢ r..:~ui.:'iull .il.:. :lml 
(um:tion.l c!cmen!l I:fiti':il (u <:o.u(nn.:lions "te in.:I!>.!.:..! hi Ihl' 
lilluu,; and Jub.c'lucnt rc"UfC:l 

l'r~pDTlIt;"n of Iylllhtllic o[{lOnudealfun Synllidic QlironY.;· 
kotidc' u.s.:d for the ConsH'I",liun of linker mol".;ules wetc pte· 
paced by Dc. R. Bel.a,,* or Eli Lilty an..! Co. usin, lin Applied 

Biusystcm DNA sYlllhc:s.izc:r (Mu.lcl laO-A) lccoro.jing \0 Ihe 
1JU1I1.1[;&ctllltt'J recommendalions. 

FI'tlCliorllJrion olprolopillst mix/wei'. To sepaule lll1lfe .and mI.;aJ1 

proloplash by lize, suspensions o( rte~hly prlep.ared proloplulS 
wcrc 'U.etionalra.! by I low spcet,l cenlrirullation (2 min, In!!:'
national Clinical CentrirullI Mt)Jlll CL. serlin, ot 2). Aflet Ihe 
initial low speed ccnuitulalion Ibe ~sidual enzyme w:as remond 
IS prcY10usly ck:saibed (Que.ener et al 19Ijj). Prolophnh ob
tained (rom IJw pelle 1 or the inilial low lpeed ccnlli(ulilion 
(fnc;tian .2) wen:: IUIC! Ih:l.n ptQ(opl:uu rrom the inllial \uper
nllant lfr::action wi). 

CDlU/nJction of pliJsmidf. Plum ius pPSll. pf'SlS. pPSlI, and 
pPS46 COnfa.in I new hybrid hYJ.ronrycin B pho~phulr.lltsfer~:!C 
.rene, JPNSpll-1 P'T«/, PI:umids pPS27, pPS29, alld pXL6 .1"" 
~"ujn JJ>NSp/lfPT",,/ bul bd 150 bp oJ' C. «u/fIQirium DNA 
IIpJl lcam Q( thc hybrid Icnll tll;!1 b p~:III:n' in the rU'lt four pliLli' 
midI (described for 'pI'S2~ below). nle lClItling maluiab fOI II!" 
I.1Ondrllclion of lrNSp/flPT o,/Ind pl:lSniid pPS21 wtre pla.>.miu 
plT211 (Qlleel'ler cI Il. 191!5} and pbsmid plnJS (!:i:im),()n el 
aI. 1985). Tht: Bamtll sile :11 the 12 o'clock positiun in prr:.rH 

JJ':I c:J., .. 
f. a 1 , ..... " 

t,--6. ~ t-··-... · .. I ...... ·L...,~ 
[8 1--
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Fig. 2. Construction of pliAsmid pPS27. Abbrt"il:tiOlll: IPNS",!. 
IJ'NSp' .mll1PT QI/arc defined in ~h.: le,.:nd 10 Fi&. ,I ,1ml in .Ih<: 
1'::1\1. R~trrktlOn ttI:tyme~: H Hlllulll; P I':Irl; If. EcoRI, H 
BamHI 

W:/,I tetlloycd by dillf!stion with XnIIIland rr:Uplion undcf dilute 
cOlllliwlnJ 10 (urm pPSI9. The 230 oJ> BDMJIJ fn,mC'nl imme
dialel), adju:cnl to Ihe lIYTQI'/"lII.l Illen fel!'iolyc:d rlom pPS I ~ 
by BamHi ditCCSliQn. To (olm ptiUmid pt'S2 L. thc fr;llmenl. 
PGKp • In pl'S19 wu rcpb.:.ed wilh an IISO lip /'Icol frqmcl'lI 
(IUIn 11Ie: S' non.:odlllil lelio" of Iht iWp!:nk'illin N 1),lIthell'(' 
{II'NS I IC''': af <..: "{'n'mu.d"".. 11lt .r.'ucl .... " '"U'lIp1l'>l'14 Ihe' 
1"lIef frJlllnu:lIl. uul .. incu by diicuill, p.T,ljj ..... Ih N!:QI •• farb 
II tht:; inlli;l.IiOn I:ooon o( Ihc II'NS len.: an..! e:ucntb 1I50 tip ill Inc 

S' direction. Two JYnlhnic oli.conllciCQIii.lclS'..('ATGAACAAC. 
J' :u'lU S'-CA TCCllcrl-J' were pl'lolphOl'ybtu! willi H ONA 
lun~"'. The phospnoryl:&lul Oli,OlluCieoliJcl were ."nn.lci.l hi 

((.I(m , 'inJect wilt! 8;rmiU ~(Id /IIcQI"QmPllibl", "'n.JL A mLXluc.:' 

of the linker, Ihc: tJ50 bp Ncol ftlKmcn( and B"m~fI .. li'ClIc:d 
pUCI.I (Vjdl~ .fill Ml:ninll: J9112) w:u !.i,.led. nle lipfiQII mu
lure w:tS uKd 10 Innsform }:;'. coli to ampiCillin u:si$lance. Pta~" 
mid pl'S23 wu jsolaled from a ua.llsformUiI .tfIQ Ih ,lIlI(:lul.: 

ventic:..! by fcsuiction anllysis. A fucmenl conla.ininc the 1150 
bp ulful!nc.e - now bounded by B<rmHI ttsl(iI:tlun liles - w_ 
isolaled.. When Ihi" fnlltl"enr WIS 11,111:<1 ICl the &mHl-<lildtel.l 
pPSI'.I, pl:umids pPS21. pPSll. pPS104 .tfI<l pPS25 wele formed. 
1'hc .Bt:llnHl lillation Ihll (onned pPS'l1 placed Ute initiation co· 
"un pR:lCnt On lilt: link!!l in the proprilr rc:adinl fume wilh lne 
Jlf"T""/lInd (WO IY$inc ruidun WC:lC: lidded to the: eodin, le-
quencc jtUl artcr Ihe InitbtioR cedeR. Dwinlthc c;ons4u.c::(ien 
of plT22 1 lheg Iwo lysine ~Jid:u.es h:tJ..l !)ec:n tcmovcll (tom Ihe 
nOilive HPTg,f. BOlh Ihe n~liyc IIPTDI'/ (lbo ct aL (9113) atld Ih.: 
short HPTI1#/ (leufer d al. 19841 c:ode lOt .crive hy¥!omycin B 
phospliotnnJu2se cn.1ymu llul uhibit the samc: subSl(lIlc: 
.lpt<.·i/kiIY (Qu~nct ct al. /9851. AJI plumic.ls us.ell in Ims IlIlOr 
eanillin Ihe n:alive IIPT a.r{ except plum ids plTI:!l .tfIi.I pi'S I OJ 

whll:h t'onf.1.in tb" ,lIort UPT""". A now di:.tjff.1J1l (or ,~ COli' 

s.ruclion or pPS21 ~nll tel'led pillmids is prll..enU:d in Fi,. I. 
'"he consUuclion or olllc.r plasmids is uullincd belo .... Ind/C){ 

is dCSI!ribed schcmaw;aUy in appropri:lte fi¥W'C1,. Plllmid pPSH 
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Fig.lA, B. Conmuctioll of pJasmids wilh liOOsonu.l DNA in. 
)ens. A Con5lrlJclion o( plil~mitb pf'SS. p1'S6. pPS1,;m1l pPSJl 
conl:ainin, a 3.1 Ilb X",.!I rc~uicllon fnlPu:nl or C. Jlt:rl!moniulII 
rONA. II COIIJ1fuClh)n of plllsrnit.l pXL6 conla.inill. ;a 2.~ !til 
.II,JU Ic)U"uaion (1Il1l1lent or (: .00l!ntOllium rONA. A bb,e;"j.a. 
lion$: IIPT (WI' PGKp• IPNSp' Illd ",lDNA loIle d.:!1nl:t.I In ItI.: 
ktcllds 10 l:il!. l!tnll Tabl" I; TDNA ribosum:al DNA. }(tl:rtriclilJlt 
sift'S: 8 &mUI; /I HimJIIl; X Xm4I; I' hll 

W:b t.lerived (rom pl'S21 by dclctiullWO rc~(rklion rc~~mettl~ •• 
I .. pPS2!1 ;\pprollim:Uc!y ISO bp hom:: becn removed {all :. I'll I 
!'rilllUCII( (1'10111 tll~ 5' .:n<l vI' (he IISO bp N.ol fC;IUI~1I1 ptc;\c1I1 
in pPS:! 1)). n,,,, I. 93 kll C.IKTl:monium IIlIlo.;lIolltlrl.;,l UNA frail' 
nll:nl (Tudlinski:lIllJ 1::~1191!2; Sk,oIIruLi ~nd Queener 19H4) was 
lIIso rcmovcll (;as :11'111 fra~tnCnll in formin, pPS:!,;/, An abbrcvl:lI' 
ell ltruclurc of pl'S29 i> pfc,.,nle.J in Fi,. 1. 
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Fig, 4. Conmuction of pi.tlmids pPS:!6 and pPS46.Abb't'~Urlio/ll: 
JPNSOI'{' lPNSI" aud HPT 01'1 ate <lenn.:'" in ri" 1 Intl ill text; 
Rt'llricrion sites: 8 S",mlll; H HindUl; N Ncol 

Plumid pPS:!7 incorporate, a C. 4C1'emOl'lilim S/!qucllce thl! 
compmCl I pOrliun l44 bp) of Ihe l' end of IPNS,;w/. thc op.::n 
rudln!! frame of Ihe uupcmcillin N synlhetuc lene. plw ca. 
4bO bp or the conlilluou. DNA inlmedi:llely duwnlllC'~ln rlom 
tile U;UUlallQ'lalslop coLlan 0)( 1114./ Ilene. 1'hc 01. !IOU Ill' 1oC4,,,,n' 
a: was incarpo • .ucd IpploximOlldy 6(JeJ bp frum Ih~ l' en!.! of 
tile Hrl'«{ Hal Cl)n)ltuction deUIr. .nu onenulion:ICc I~ill. 2), 

l'I,hmi<.h pl'56. prS1. and pl'!i) I conu.in .. fr:/.imcl1! of C. 
Datmoni ... m DNA IhOl( cncOJu IIIcUI;a portion of Ihe 16- IllS 
ribcnonu.l RNA (rRNA) ,ene (Cur CI 21, 191$1J on a Xm.21 
{r.,mcnl. Tl,cS/! pl.umll,b wcrc t;onnrucli::d &ccordin" 10 the 

110w Iha"um pre:~nlcJ in rir:. lA. 
SLlbs.:quo:nl 10 Ihe: t;otlJl.ruction or pbunidl pPS6 :an'" pI'S" 

it w.os Ui>CO¥c:llld 111.1 Ihe 3.7 kb Xlflll'l in)CIt In these: pl.umK.b 
t:Onl:llnC:u I br~.: rC~IQn of IamboJa ONA juxtJPoud tu Ihe UNA 
rrom the: C. tlCf.:monfulll 16-1 tiS IRNA IIl!ne. To ol.IL.uII • pLill" 
,uid that t;Cnuined 1hc hybrid IIPT pne and" WIt 11.11':1 oj C. 
lKTemOttu.,m rRNA-enc;odin, DNA I,.jtnout ;my bmW:. DNA 
pecKnl, pbsmi..! pXUi WI~ con)\fuctell. (rum pXU, pt.('l!, and 
pl'S29 as i!Iusu.u,ed in fill. lB. I'launid pXLb a.rrjl!~ I B,III 
!"rlem.:nl or C. .attmvnu.,m UNA that o:ontl.ins UNA trom the 
16-1I1S (RNA Icne. IU III tbc 5.85 rRNA lene:, and ONA (roln 
the 23-211S ellNA Icnr:s (C.ur ct aL 19117). 

'buniJ p.!'S46 conWns a hybtid Hl"T Icne: IIPNSpJIIl'f",/1 
MJ .. comp!.:tc: n'NS Jcnc. Plasmid pl'S46 "'" col'Ul.rut:lc:d by 
I.ig:Ilillll th.: appruxunlt!.:)' 3.5 kb llindlll restrictiun fUIIRlo:tIl 
of pLumid pPS21 inlo Ille: $UlII.lc l/lndUi site 01" plTJJS lu form 
illh:rmcdb tee pialll1id p1'S26. l'L.lmlid pPS26 Wlli Ihen modified 
b)" dcl~ lion of the appruxim:ttcly 2.l tb S,m r.:str .. :thlll (ral' 
mcnl wilhm th" C GO'tmonium DNA. l<hll l,t.:Ietiol'l pHUJuce.J 
pL:umid pf'S46 which pO$>cncu ;\ uniquo: 8,111 lilll lillihin tho: 
C. ti/(:TtnlU"Wm ONA. The: (OI1Si.rucUon of pl'~46 lull intel' 
mo.:uid.: pl:ultli..r pPS26 i) illU1U;oletJ in. Fig. 4. 

'}o 
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T.ble 1. Tnr.ns(ormation of G:phtliosP<>'iuf1I IIt'umoflium witl' 

pl4'lmiJI 'onlainin~ the hybm! 11'~:'ipJIII'r or/ Kcnc illcr~:L,<"l 
rUlufofm&tioll fUlqllcncy 

fI"mid Promoter mIONA· IONA II TUlUfotrn~nh 
per cX('Cfimcrll 
(R 01' eXI', Iri~l.) 

JPNSp ~. PGXp promour 

plT221 PCKp ... « (.H) 

pPSI9 "C~p ... , ~S~ 
1'1'$24 no promoter ... I t.5) 

pPS2l IPNSp ... 2(5) 

(wranl orien[~lioll} 
pPS21 IPNSp ... "~3 (5) 
pl'SlS II'NSp ... 

PC~p ... 477 (5) 

J' uquencu of IPNS rene added 10 JJ 1'1" ltne 

pPS27 IPNSp 239 (6) 
(compare to p.l'S2':1) 

MIDNA ft=pnl!nt 'emo~l!d, no ]' IPNS #quenud added 

pPSS PCKp S (5) 
(campue to plT221 lind pPS19) 
pPS2IJ lPNSp loSt. (5) 
(compare [0 pl'521) 

Ribo~o-' DNA tuldtd 
pPS6 PC;:' ... ... t> 1(6} 

(o:omparc to pln11 anil pPSI9) 
pPS7 I'CKp ... b 1(7) 
(compare 10 pf'SS} 

_ pPS31 Il'NSp ... b ) 211 (2) 
(I:ompare 10 pi'S2';/) 
pXL6 IPNSp ... c 232 (4) 
(compare: to 51 PS2 ':1) 

• mIDNA; 1.91cbPul C. IJc1'emonium mitochondrial DNA rfa~· 
ment which confers ARS runo:tion to plasmids in S, C:l:r~ .. isia" 
b 3.7 Ilb X_I fUlment conl;;.ini..n¥ C .. tlcre:mollium ri""'som.1 
DNA (rONA) 
c 2.9 ib 8,III CUJTTlent containing C. IIcremonium ribosomal 
DNA 

In addition to the above mentioned functional ~h:m~n u, 
aU pJ.umids used .in this study contai.rll::d an E. coli ampi.:iUinil~ 
&en.: and the origin or DNA replic:uioll frol'll pBKJ22 10 po;rmil 
ttanuofrnaUOI\ or 1:: .. co/i. 

Remits 

Ptasmids containing a hybrid hygromyt:in B 
pholphorrans[trase gtlll: t:xpuued viii Q promutt!r 
from tht isopenkillbl N syrlf}u:fQSe ~enl1 [rom 
C .. IIcrl:monium rram/vm! c: Qcremunium alaMgII 
frequency 

Plasm ids plT221 and pPS 19 (Fig, I) contain the hybrhl 
antibiotic resistance gCII~, PGKp/lll"""'1" Th.:se pl;,jsmir.h 

341 

t(all~furl1\O:u C Qc",'nl(wium :II \!xtr":lIIdy luw fl1:4 ul.'a-
t:ics (Tabl.: ! :llld Quc:cllt:r t:t JI. I'lH5). l'tanSll.lCIIlation 
of C. I1.crt:molljum with pla.mid pl·S24, whIch cOJllains 

IIIl eUl.:aryocic prunluh:r directly upsut:;:!Il or 1 11 'To.1 , 
pruJuccJ ruui;hly the sanle low level of Ir:msi"orIllOlliuli 
;l,~ plJslllid~ pn-:!21 ;ll1d pl',s 19.1n c:olltr:l.'>t. we previously 
oU>etwJ thaI 1'11'.221 Iraus(onnd S. cUl!lIisiae !I.l hyyo
mydn IJ re:liSllnCI! U Uludcratdy high frl!qul!lIc), (Que.: 
lIer c! ;.)1. IYI:IS}:Tho.:;:;e cuulrastillg results luggeslr:J Ihal 
llie S. ,'t'Ft!Vilial: I'CKp fIlIlCli~IIl.:J suni.:iclllly 10 ;.dluw 
IranS4:tiplioo of tile I wr oif ill S. urevi.1ial! but Jiu not 
.:~hibil signifi..::lIIl pCOI11ULtt a':livily ill C Ql"umonium .. 
To ovcn:OIIl1: this prublem a new hybrid anribiulic rc· 
Si~!aH..:e gClle. 'II'NSp llll'T 0.1. was cUlIslruo:h:d. Th.: S. 
n'r~yi:;ial! I'Ch:p ill 1'1.a;:p/IWl'orj' waS rcphKI.'d hy g50 
hp of DNA takeu frolll lhe 5' IIUII..:uuillg fcgiull or 11110: 
II'NS gew: of C. fu·remcmiwn. TIllS fragwelll was 1l[~SUIII' 
cd to l::my a $cquen!;C. IPNSp • Ihat t:lIl.'odct.l ill for ilia tiOIl 

nc:cessary for proper promoter functioll. A number or 
p!:Jsmius cUlilainifig IPNSpllIPT 0If were cun)tructcd: 
pPS]I. pPS25. pI'S:; 7 , pPS29. pPSJI. pPS40, and 
pXL6. These plasmid.!:> Ir;msrormed C. /ZCT~tnOflium Oil :a 
frcquen..:y approximalely '100. rolt.l greater thJI\ plT22 1 
l1ml pPS 19 under Ihe sanlC conditloll~ of lr:msfUflllation 

{Table I}" Plasmid pPS2S ill :analogous to pl'51 I c.:a;cepl 
til!: PGKp was retained at the S' eml of thE: lPNSp frlll!" 
mem. pPS:?S tr;J.USfOffi\cd C. acrelttl.mium :11 a frequell' 
cy e~clltially equivalent to othC:f plasllIitb th:l! ..:onl;)LII
ed II'NSp/llPT oif- I'ta:oruid pl)S22 conlains IPNSp .. d· 
jacellt to (he 5' eud or UPTOIf but in this plasmid the 
IPNSp is oriC:llleJ opposite: to the urielllaliull ill II'NSp l 
Hlrt'<Nj. Transrormation of C. acrf!muniwn wilh pPS2~ 
WJ.S inerlkien! :and qU:lOlitativdy similar in frequeucy 
lu the transformation observed fur plaslllid p1'S:24 tll .. [ 
cUllt:Jincd 1IP1'oif without lmy' aujaL:.eUI prollll')l!!r 

(Table: I). 

Tmm/Ormillion occurs by integration 

We have previOusly demonstrated that. in each or a sm ... U 
number or r~present3tive transfounanlllflalyzc:d. trans· 
formation of C. llcremDlJwm by plasmid p1T2:21 occurr· 
ed by itllc:gration inlo high mo!ecul!lf weight DNA 
(Queener et al. 1985)" Mulliple integration cY!:nts were 
observed in each transfurmant. It W3:S assumed thaI in 
a subset ol"the irllegralion events the HI''I'OIf in Ihe: {faos
f!llllling UNA w;s pusitioned SO dIal at mighl be em· 
dClIlly (~prc~t.I vi., "u cl!Ilogellous promoler. 

lIytlw..h:.t;.UiOIl ;analyses or IU(<l1 UllCUt DNA frolll C 
tlcrtmwnium trall~"ormants ohtaillcd with pl:l~Uljd 
pl'S25, which contaills tPNSp11lV r4W/. Inc: preSl:llled III 
Fig. S. 'I'he tramftJOlIing DNA W;,jS oncc ;2gaiJl found 
l.CiSUl:iutet.l with the hi~h molecular weigh I UNA or 
trans(oml:lnts. This parlicular analysis cal)JH.I! rule Oul 
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Probe = P2Pj-pBR322 
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Fig • .5. Soufhern hybridiz,:nion analY1is demOllU.liling prC!ooen.:.: 
of II_n,{ormiIl_ DNA ill I~ hi~h Illo/¢cIlI.:u wd"ht UNA of C. 
«nmcmium cc!!lo IfiUnrQlfiled ..... ilh pi.umid pi>S:;!5. l'CH;!1 DNA 
\/flU C,UI.':(cU Ir<lfil fiye imlcpellucnlly i~ol.ilI.:1.l C, 4c'r,wlcmiuf/I 
lril'lsf"rlll~n .. (i.e .• 1'10 TI~) :lnu till: ',IIIU;lll>rOrtlloed f~dplr:11I 
Ilc<1in ;.-rCCII.BU (<'1. DNA mulc:t:u1ci lnut cuI .... ith " t<!,uic. 
tlon I!l'Iz),lneJ from the:\( j..o).;tlcz (lpPl0xiwalciy 2 /'1> DNA. pt'T 

sampkl 'WClt! seplialeu by IltlLlQ$I! IIcl elc~lwphore,u,l1lc DNA 
w"" laJl.lcueJ (rum Ihe OJIt;nosc: lid II,) nlltu\·cH"lu\.<.: lil!.;I' hI' 
the m~lfH,,,J u{ SQuLlIl:m (1'.115) am.l h)'lmuilct.! .;j~ J.:...:nl'ICU by 
M;ll'Ij'llil .:1 .1. (I9l:121, (llt'f'l~bell!d pURn:? pll~mjtJ UNA ........ 
used t) the hybridization pwb.e 10 !.IUtel lun~rorminJ: DNA 
)C4t1en.:"~. The 3ulor~dlOIl.l~1I1 wu cxpu:..:lI to Ihe rulroc<:lluILl'~ 
nller for 20 II. EXlcl'ldcl.l ""'polure rClvuJco./ no :l1.h.\UlCllIll ,iltniI1. 
c.;a1\1 b»nu,; or h.ybritJiuIIUU. NOIUiol1s al ti~hl or plu,IIU!:l:l[1tl 
4icllOll1 pos;Iion an<J J;:tc. ill kil<Jb;ucf, uf ONA JU;m.tM!!~ ;lIlo;J 

Ihow p05ition expected for unresolved C. luumoniunJ chlOomo. 
somes 

the possibility of the presence of large mullimers or the 
tfllus(ormiug plasmid. The difference in the intensity of 
Cht: hybrldi:£ation signal from i$Olate~ lO-I:!:ls compared 
to isolatcs IJ and 14 sugge~tell thai Uu: number of 
copit:$ or lhe transformilLg UNA may Vilry CllILSiu':r".Ibly 
from one tramfo(lIIan I to ;uluthec. This su ggl:stion was. 
conlinm:u by hybridi.:£31ion analyses of Iht.: ~amc DNA 
after restriction en:.t.Yl!1e digeslion (tlata nQI shown). A 
fl:w Isolalt!~ IransforLllt'd Wilh pl,lSmids cUlilailling 
II'NSp /l WI' 01[ :1Pllc;m:J 10 hav(: a sillgl~ illsen or tr~llS. 
I'ormilll!; DNA. 

hese.trce of putative !t!mlilllJlivff and polyadt!nywtiun 
seqUl!ncesfrom 1/l,!lfNS tCfle.!ouHed J' to IPNSp/IJPTNf 
djd nO! en/uma fFflJlSfor/'TW.riofl 

The presence or homologous signal,; for proper tr;m~· 
cripllullaJ h:mlln:ltion ::lIId II\I!S,S.:atlf,l!f RNA pGlyad!:ny. 
I,HlUll should, in Iheory, ~lIhallcc the: c:xpr.:~si\JtI of the 
hygromydll B phosphatransfc::rasc gelle • .Ik!lI:r expccuior. 

of Ihe: scl~ct3ble matkc:r rnay. ill turn. permit higher 
frctjuC:lIcy of tr:lIlSfOrmalioll which was Ihe RaJ.! in this 
sluuy. To subject this hypal.hesis to a preliminary teSI, 
plasmid pPS27 was constructed and tt3n!iforrnalion of 
C. acremonium with pPS21 a.nd pPS1'.:1 w.u clllllpared. 

Hoth pt'S27 llld pPS29 con lain rPNSp/HPT Orf but 
pPS27 COil cains a pucative lermillaCiun!polyauenyI3(ion 
ele!ncnl nol present in pPS29. The element ill pPS27 
is ilpprClximacely 600 bp dOWflSW::urt of ule J' end of 
the tWr Otj' Th~ eJemetlf comprises the lermin::!/ 4.:; I1p 
of Ihe C tlCl'l!mOlllum IPNSOtj plus ca. 460 bp or rhe C. 
(1cremollium le'quencC'l contiguous Witll wI.! ]' 10 rlle 
Ir;JmJalion.u Eemlinalion codon of that orf. BC~;lI.ue or 
its po:>ilioJl in native C /JcI'I:mon4zm DNA, iliis f!:l&l!I~nl 
was presullled to contain signals for proper If4n.s.crip. 
hona! temlination and ml~NA polyallenylation in C 
Qcretnonium. At equivalenl DNA concenlIaljlln both 
pbsmid:s produced tou~hly the same number ur tuns. 
formants (Table I). There were ItO cuulteniell! restric· 
uuu site'S nearer the J' em] of the hygrOlllydll B phus· 
phOlf;)l\sti!rOlsc gene. RatJll:f than immediately pur~uing 
p0S5ibl~ improvement of lransforntation via construe· 
tiOIi~ 111:11 would pia..:\: thl: plilativc tcnninllllllu/poly. 
:lllt!lIylatioll elemenl dusc! to Iht! J' cau ot' Ih.: Ilt'TOIf' 
wt: chose to investigate how the form or our existing 
plasmids affected traJlsI'ormation. 

T'ransiormalion oie. ilu,monwm with linear DNA 
produc~s mor~ rrans{of'1TllJnlS than the corrl!'spanJing 
eirculDr molecule 

Hicks tt II. (/979) and Orr-Weaver ef al. (19IH) have 
demonstrated S· (0 JOOO·[old increases in the iJl[~grative 

u:ulsfor.m;rtiOll frequency in .~: ccrevirUzc when rill: Ir:uu· 
fonnitlK plasmid W2S fled cui wiLli I restrict.iou enzyme 
In , legion 110mulogous wit.h tJu:: ttcipielJ[ dU<J/UowmaJ 
DNA. Dhawalc and Mar:.duf (1985) abo Tt'po/fed .1Il 

im:.r~~ in l1ansfonnatjon frequency when bnl!'31i.ztd 
plilsmid DNA was used IQ ll'ansform Nl!"f.I.I"Ospolt1 (JW.:.I1. 

Fet N. CTUSSIl the ill~fe~ in uansformatiou fr'-'''Iuency 
W;:\.S only 3. to 4.fold. 

1)laslIlid pPS46 (structure ilIuslIatJ:d in fig, 4) was 
digcslr.:d Wilh !.he restriction endonucJc2Soe 111iU and 
thl! lillt!arilcd molccuk was u~d to lI:l.I1sfo(lL1 C. acTt!-
I'tIc)/ljum lu hy!\comydn U {I;:si~tincc. TIlis I:tn~yrne cuts 
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Fi,.6. TraIlsfonnatioll of C. IJCTemonium with Iilluf DNA is 
morc: emdenl Ihan tunsfonnation with drClllu DNA. C. lIerr· 
l1foniunl slr;un AT('('11550 was ll~n.rllr!llcd to hn1omy.:in 
1I Il:sillllll.:C: by a modification 01 Ihe method <l~I,·ril>.:.J b) 
Q~c:enC:f et .1. (I~tlS). Twenty J.'II of pl'S46 pl:umid DNA wc:rc 
u,J.Cd in uch tr~n.loml .. ion reaction, eilher circulu or \.1n~arize.J 
by digufion wilh 8,111 

pPS46 plasmid DNA in a resion homologous WiUI lite 
C. Qctemonium genome approxilllaldy l,200 bp up. 
stream frolll the 5' end of lhl! lPNSoif. 111e results of 
six separate experirnl!nts arl! presenled in Fig. 6. Sewra[ 

modifications of tilt! transformation prola,ol wcr.: in. 
corporated ilL Ule:St: experiments which may aCCOunt 10 

Some exh:nt for the variability ill the total number or 
transformanls observed. However, J~~ardJess of oa!lt:r.:l
tion~ in condilions, we always observe:d at 1e:0I~1 a :::! to 3. 
fold increase in VIe frequency of tramformalioll wilh 
linc::arized pPS46 plasmid DNA as compoucd to lhl! Solll1e 
molecule ill the circular form. 

High frequency tramfolTTlDtion olC. aCTemonium by 
plusmidJ with JPNSp/llyr or!;s not dt!peJUlmt 011 rlu: 
prt!~nu of a C. acremonium mitochondrial DNA 
/rllgmen! !hut exhibits ARS [UI/ctio" in S. cert!YisiIJe 
or on 150 bp of DNA aJ lhe 5' end of the 850 bp 
.kquence t/wl contaills JPNSp 

Previous work demonstrated pre~nce of one 193 kb 
PsIJ fragment ill tlle mjlochollJria/ DNA or C. acrt:. 

J-'_I 

monil.lm and showed that utis {rJgmen t possessed A f{S 
a~livity ill S ct:rt:viswt! (TuU1.ynski 3rH.I E:!.:ier I<)l:!~; 

Sk:lIruJ illlJ t)UCCIl'::[ \ 9t:14 , O.::;(r I!t ai. \~8b)_ A pl,,~nllJ 
with ;Ill A ItS that fun'tiollS in S. t·t:ft:yil-iil~ has the capa
city to tramfurlll S. ct!ft:visiat: at high fre:l\ucncy _ To Le,j 

Vie CJp.:l(:ily uf Ute 1.93 kb lIli[uchun.lria/ DNA fr.:lgmcllt 
to aHtL:t trallSfofnlalil..ln ill C. oJeft:/t/(III;UII/, we Iransform
ed c: tlaenu.mil.lll/ wilh p[asmids pPS29 and pPSll. UOtll 
plaslniJs Cl..lutaill a hybrid IIPT gent: cOOlpo~d of til..: 

IIl'T"'l iUlJ a 5' nOll"':I..lJu1t: ICl>iulI frolll the C ucr,·· 
mUllium IPNS ~":II":. PI,hmIJ pPS2 J l:ollIOlim Illt: I YJ 
k.b frag[lleut and pPS2~ d~s not. Plasmids pPS2 I anll 

pPS2Y were ubstrveti 10 transforll1 C. acrernonium .:II 

fn:4ut:lIcies that wcre equivalenl within t.\p.::rilll':llla[ 
crrl..lr and high rl!lalive 10 IhoS4: obS4:rved for p[OIsmjd~ 
calJlainlllg I'L Kp/t IPToif (Tablc I). 

lIi&h frcfJu.:ncy lransfonnation of S. ceuv/JIat! by 
;m ARS<on!JinUl~ plasmid occurs because: the plasmlll 
can rc:plicJte autonomously inS. Cc."revisiae and thcrefore 
does 110t have: 10 inlc:g.rate into the S. cerevisuu: chromo
somal DNA to be m;tiutained. A5 described above,hybrirJ. 
iz.ation analysis of DNA isolated from C. acrl!IIIO/liult! 
transforml!d by p[aslIlid- pPS25. which contains IPNSpJ 
HPToif and the 1.93 kb milochondrial DNA fragment, 
indicated thai transformation by lhis plasmid occurrl!d 
by in 1C:~:IOHioll IlIlu Illgli 'JIII)Jel:ulac Wt:iJ::lll DNA. N'I 
cvid~llI':l;: of replicating plilSllliJs was ubSl!rvcd. 

Thus, trallS[ormation and hybriJi:tation data sugge:stcd 
thaI pn:Sc:llcc: of th<! mitacholuJri:J1 DNA [ragmc."11I .lic1 
not cOlltrihutc si~uific311t1y 10 the hi~ler frequency ~f 
trans/'ormation of c: lIC"remonium th~t is associatt:LI 
with Ve:CtofS conlaining the: IPNSpJHPToif hybrid gene. 
Likewise, transformation and hybridilaholl data 1Ugg":SI· 

cd Ihar prl!~nc~ of the mitochondrial DNA fragment 
did Itut contribute to transformation frequencies obse:rv
ed (or plasJIlius l"olltaining PGKp/lWrotf. pIT;:!;? [ 311u 

pPSo contain PGKp/IU'Torf aud thL: 1.93 kb C. acn'· 
monium mitochondrial UNA fragmcn!. pPS5 and 
p['S7 wl!re derived from thcse pl3Slllid~ by c.h:letioll of 
Uee 1.93 kb mitochondrial DNA fragment (Fig. 3A). 
All foue p/3smic1~ transformed C acr~rnonium it expcfI' 
h1l!lltally equivalent low frequencie5 (Table 1). The 
lral1sformillg DNA present in plT221 C. Qcremonrum 
tr:msformallts is integrated in th~ high molecular w~igh t 
UNA of the tr:lnsform:lIIts and does 1I0t exist in :1 freely 
~plicaung farnl (Queener e[ al. 19115). 

III rcmoving the J.93 Jcb mitochondrial DNA fragmenl 
fram pPS2l to fonn pPS29. 150 bp wa.s also remo\,eu 
from U\e 5' end of the 850 bp &lInH J fragment LILat 
con l:iint:d IPNSp- Since pPS21 a.1II1 pPS29 trallsform 
C lI("reIT/unium at experimentally equi\'aJent transforma· 
lion ft~quellcies, Ihe high fW,tuency lransfonn",tion of 
C tlamwniwlI by plasmids with lJ'NSp /IiPT ott i~ nOl 
dependent on lh:t.t [SO bp. 

;3 



'.: -<' 

· 34.; 

The presence or ribowmal DNA sequenc.'s in vectors 
COn{.:Jifling tile hybrid gC'fII!.lPlV5p /IfP'J'f.>I'j' JOI'S mX 
hay/! a posinve t:fJ't!ct all jlltegra(illt! (n:1IIS/UnlWtiVfl 

{requ/!IIQ urc acremeJrlium 

Szoslak: and Wu {J 979) added S. nm:visiac DNA frow 
ribosomal RNA genes (rDNA) to Si.! v.: ra! S. (.'ert'vi:siac 
imegrative' pi;lSIlIius. Til!!)' observed Ulal ... ft:riv,I(Jvc:( 
which were unabl..: to replicate: autonolllously ill S. 
ct:revisiae nevertlteless (r:uls(ormed S. n:revisiae :.It :In 
incre:lSed rrequency. Transformation WJS by integration 
and Ihe increase in frequency was as much as a hWH.lrcd· 
fold. 

In ord~r 10 test the err!:ct of rONA setluellces 011 

integrative tr:m~fonllatioll ill C. UCI'I:molliu III. fr;!g
me1l(s conl:lining C. ucrt"mollium rON,\ wen: dOlled and 

partiaily chiuacteri:lcd «(';m el al. IYH7). One: flagment 
illduJt:d LJNA frolll the Ib-18S rI{NA gell": ooIllt! ;J sc 

cond calltain.:d UNA frolll at l.;~sl three IRNA gene>. 
DNA from the 16-18$ rRNA g':l1~ awl :IIJj~.:t;:1\ I Sl!llllt;:I\' 

a:s were incorporJICd imo two C. lJt;n'lIIotliliffl ill 11:· 
grativ;: vectors, pl1'22 I 3 !HI pPS5, Ul;!t cOlltain PC Kp/ 
111'1' 0If (set: Fig. 3). The tleriYdtives - pPS6 :Iud p1'S7. 

respectively - and th~ original plasmids W.:rc us.:tI 10 
transfoml C Qcr~monium (1'able J). l'resence ur the 

rDNA did not enhance the frequent.,), of transformation. 
Absence of a functional C. Q(7'emcmium promot.:r "t 

the 5' end of (he HPT gene ill pPS6 and pPS7 could, 
in theory. negate a ben.:fldal e Cfect of the rDNA seguen

CC5. To test thi$ concept. plasmids pl'SJ 1 lmd pX Ll; 
were cOllStluct!!!d (Fig. 3). Plasmids pl'~21). pJ>SJ I, :llld 
pXL6 all cOIHam the hybrid IPNSp/HYl'oq gene. Plasmid 
pPS29 is ,lJl:uoguus to pPS31 3ml pXL6 e.'H·epl 111.;11 
pPS29 contaim no rUNA sequences. pPSJI cont:.dns 

the $ame ft:zgmellt of rONA as do pPSb ant! pSlS7 
analyzed above:. Plasmid pXLo contaill$ a uiIT(!rC:ltt fraK' 
mel/{ of C aCfecmoltium rONA (i.l.:. :111 :II/proximacdy 
2.7 kb SKill fragmellt thai carrys DNA from the 1 b -
ISS rRNA &~ne, all of the 5 . .sS rRNA gene. and ON,\ 
from the 23-285 (RNA geu!!!). NOlie uf Ihc:>c plaslIlius 
COn (ail! tIle mit(Xliondriai (ragmen ( found in p1T2! I. 
Tile rRNA zene sequences present in pPSJ 1 anu pXL6 
failed to produce tr:lllsfomution frel.JueJlclc~ superior 
10 those obtained wilh pI'S2\). 

Alterations ill transformation conditions allow 
impro~d trans/ormation 

The lrausfom13tioll system used thus f:lr has been lhat 
described by Qu~eller et al. (1985). Recently seycrai 
moditkations have been mauc to that sy~lelil which !lave 

resulted in marc predictable rr:suh:<> from Olle cllp,:ri
mCH! to another. We have found tile USi.! or UM:-)O lS 

not require,:j to obtain II igll frequency ifl[c:grauvc trans-

(orIllJUOIl. I t ;~ lisa not flt:Ce::;:>;uy [0 !~mO'ie tilt! ?Oiy-

.:lItykm: 6iycui il'!iG, f[DIlI the: !lJm{oml:lllOIJ 1':~L'!JLJfl 

priur to piating. The dilluolllleitoi tn:allll':f\[ ;U, i)~::1 

rcJu,;cJ from <.me hr. 10 j 0 min WIUIOIJ! .. Jver~iy :.lI'fr::..::· 
illg prulUri:J~[ fonnnUoH ul cralisforlllallolt. 

Out' [0 IIm:e pc:rccfl! (allg. 1.7% i" ; J /fill;. i oi :/z::: 

pWloplasls wi' C. IJcr~mullium pruuuccd by lho: ,'ell waJ: 
acllllC !:JI:.tYIlU: bela·g!ucurolliu;J!iI: (:?G mg/ml, ,Si!irtl..; 

t:h~mica.J Co.) were: capable of n:gr::u.:rauol\ (folllla!iun 

ot" viable walled cells). In comparison when Novo:.:ym 
234 (10 mg/ml. Novo Biolabs) wa~ emptoyc:d I(l produ~~ 

protuplast:; UI.: re genera tiOIl frC:!.juclIcy apllloa~hc:d 

10% (:ivg. 8.3"0 in 7 trials), however. there was nOI 
necessarily a correspondmg increase ill lIle H:lIlsfunlIOl. 
Liou frequency. When using Novo:Lym 234 a I 10 mgjllli 
tile: (illle of digestion has be:en re:duce:d (rom 90 min to 

15 mill. 
The: original deSCriptio" or the C. a,'remomulII !fJIlS' 

lorm:ltill1\ system (Queener et :II. 19~5) uuli/.l'J a Olle: 

011 Iran~fonnation mix.ture tLl which <} m[ of 2\J'i:', ?EG 
were: adde:d. Tw~n ty .IJ.& of pl:l$mitl UNA WCfe II::.;U per 
expcrilllent, thus after ;uitJiliOlI of !.ll~ I'EG. th.: UNA 
cOllccntration WiiS :2 pg/mL With the$/! reactioll ,,:ullui· 
tions we have observed con:>.iderable v;uiabilily ill the 

number or uansformallts obtained with any particular 
plasmid (Le., in some experimelllS 3$ many as 500 trans
formants have been observed whereas in others no trallS
formants were obtained), When the 3.mOunt or pbJsmid 
DNA was increased to as mudl as 300 pg/ml}. Ihe:c wa~ 
an increase in tJu: number of transr OInlilnLS r.;t:uvereU. 

III t.hese experiments only plasmiJs Ulat ~ollt3ind 

ll'NSp/IJPTOIj" were used fUf tfilllsforJll:ltioJl. We round 
lhat eqtljYol[e:nl numb!:r::; of tr:lnsforrnjlnts could be ob· 
tained by keeping the number of prolUplast:> t:onstallt 
III I )(. J 011 lind reducing tbe: volume of the origUl:1l lrans· 
forlllation mixture 10 0.1 1111. This was fullowctl by the 
"tlt/iliml of 0.9 ml of 40',t PEG tJlther dIan ::?U'l. PEG. 

Thl:! use of twenty pg of DNA pel expcrillu!IIl then 

re~ulretl in .1 filial DNA concentrariou of :W J1~mJ aflef 

Ihe :lddition of fEe.;. When Ule 0.1 mi reactioll mixture: 
lI;!s bC~1l use.! for tr'Ul~forrllatioo of C. acrefllunium 
ATCC II S5U we haye alw3ys oot:lilled tr::Ul)fUml:llllS. 

U\)wever. tiler..: was still ... farge dcgree of YlifiOIOiJilY ill 
tht! number of tlansfumlalll:l Qbtained. for example, in 
iI set of 19 experimclu.s :I range of approxilllaidy 1510 
1,400 transrom13nts were produced p<:t transformation 
with pl • .lS.tIlids containing U'NSplliPT "". The variability 
suggested lhat perhaps there WiiS a ~ubpopujiltion of 
the protoplasts which were transr orm:ltion competen t 
and thaI the size: of thaI 5ubpopulatioll dcli~n:d to the 
IramforOlatioll mixture v<lrieu froUl one tr:lI1sfOrmatioll 
to anolher rur sOllie reason. Since growth cOlldilions 
prior to protoplast fonlHllioll wert: kt:pl CCurSIOllll, it was 
d.:duccd that someLlIiIli; ill Ule: proa'Sli of prutopJast 
forlllallon/handling musl affect .Ihe n umber or aamfor· 
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T~ble 2, A fraCliuo ~lHi'h~J for large C. oCTemu/JiulII prlllilp/."I. I' al"J cnndlcJ Ill' p.Gtopia.l. Ih31 te~encrJ Ie cdl walls 2nd Ir2mCorm 

hy eXpo.ute Iv V(CIO', Ihal ':<l/II~in Ih~ hylJriJ JI'N:i"IIlI'I""f ~ .. n~ 

ExpUIIllenl Fraclion I (Supcrmlanll I',JCIIUn 2 (I'elkll UnfUCIJUIlIIC..! mUllul" 
or lal~c an..! .man 
ptolOplUh 

cnrichcJ for .mall ell ndl~J 10 r l;u ~e 
proloplhl> prolopla.u 

rC- " IrJIl>.b rf " 1t2n~, If " 1r2n~. 

2.9'10 4\ bl,b''::' 165 (d211lrom 

2 3.5'''' 125 14.5'f. 1,016 21 proloplast mixlure.) 

J 4,':1% 113 H,JX 256 
4 3.1% 74 U.U',t 210 

Aveu~.: l.!l'i\, HII l5.1f"" 4J!I 2,'s'lo 231 

• r{ (cgcn.:ralivll ft':llu.:ncy. The rf is Ihe Ilurnlx, or O'llHHil'Jlly r'ragik uniu Ihal fotm J colony divid~J by Ih.: IOl2r number of pro

topra~I' Ihlc!nvcylurnclc( tounl J. In (xpcrirnenl II I, J lC I U7 pfl,Hoplhl> were u~d III Ihe 1!2n.foHlllliun; I lC IU~ prolopl~.h \A'crc 
u~<.I in e~ch or Ihe olhcr lean,formalion c)(pcnrnenl' 
b Itrro/iL nUlllb.:r o( hyyvlnycin Il re.i.laOI tl'all,r'UtllUOI. 

m:Jlion comperCHI pratoplasls delivered 10 Ihe trailS· 
(Of mati on miXlure. 

We observed a very III: lerogelleous popul;J tion of 
proloplasu with regard to sile wlll:n either of the ahov!: 
elllymes were llsed for protoplliSI formation. ~or exwl1· 
pIe, sile varied IU much as lO·foJd amoll" protupJasls 
within a digestion reaction. Qualitative ooservation of 
.regeneralill~ protoplasu under the light microscope 
reveah:d large protoplasts producing new hyphae where· 
as the smaller ones remained ille1l. A method was de· 
vised 10 enrich for the larger protopJ:Jsts (see Melhods). 
Thc percentage of pcotoplasts thaI regenerated cell walls 
was always bug!:r for Ihe proloplasls enriched for Ji.lrge 
size (fraction #2, Table 2; H.J-61.6%) tll:m the per· 
centage for protoplasts enriched for small si:lc (fraction 
#1, T:Jble 2; 2~-4.9'X.). Furthermore, a I~(ger number 
of trallsfOfnlallts was always ob!>l:rved whell prolUpJasts 
frolll fraction #2 were used in transformalJoli experi· 
menls. 

D~ussioJ1 

Transformatioll of fiJamelllous fungi has been rcponcd 
previously; c.g .• N~urolpOrIl crulSll lCase et a!. I'n~), 

A!ip~rgillus lIiJuillns (TiJburII el 411. J 9M3; Y!:JtOIl e I al. 
1984), PudU1P()TU tmserimJ (Tuuzynoo el a1. IY!W; 
Ucygoo and Uebu~hy J~1:I5J, Cochliobu/us hef,'ro· 
sfTophus (Turgeon cl a1. 1()~5), :lnd C acreWOJlium 
(Quecllcr ct al. I ~l!l5). Generally, lransformalion in IheSt! 
orgaohms has been observed to O~t:ur al low frCljUCIII.:Y 

by inlegrillion. We observed and lir51 reported lr:JII~' 

formation of c: ocr~mollium al a wry low I'rctjucllcy hy 
UltelV:llion or a dOlllinallt scJet:tabJe lIJ:Jrker UIJI jill

partt'u rc:;i~tJnce tu hygromycin ll; approxlIIlOJtely 

o.~ transfonu.lIllS were produced per ~g of transforming 
DNA (QuecJl!:r et a1. 19liS; Chapman el II. P~lio). In 
the currenl ~tudy. we have d~mollstrated th;H II new 
plas1llid .borne. hybrid liPT aelle IPNSp/IfPT orf trans
(unns C o('rl!1IIvllium at a frequency 100 times thai ob-
~rv~d for Ihe: hybrid gene, PGKp/HPl·C>If' which W3!! 

used 10 1r:lJIs(onn Ihis fungus in aUf earlier studies. 
Transformalioll of C. oCTemOn;um by bOlh hybrid I WT 
gcnt's occurrt'd by integration. 

C Qt"TemQllium RNA polymerase 11 probably in Icr
acls effeclivdy Willi a C. acremunium sequt:llce,IPNSp • 

prc:>enl in the 5' noncodmg region of the hybrid !!;"lIe 
JJ'NSpIIIPT 001 to a.llow transcription of the IWTo/f' The 
C ocremonium RNA polymerase probably interdcts 
poorly, ir al al!, with a truncated S. urevjlioe promoter 
PGJ.:p prescnl ill the hybrid gene PC; J.:p/IiPTo/f' The 
Il,)w frc4uellcy Iransformatiull of C ocumoniuJn observ· 
ed willi PGKp/llPToif could have o(;t:urred by thl! inle· 
&falion 0[" Ihlll hybrid gene: in 10 Ihe C. Qcr~monium ge
nome :II position~ adjllcenr 10 and in phllst' with nalur:J1 
C Qcutnonium promoler} or could have occurrt:ll by 
lUullipl~ ill Ie lira lions of a poorly expressed PGKp/lIP'T or! 
gene. A pJlIsmid, pPS24. thai COIII:lins Ihe HPT OpCII 

J\!:3ding frallle; lind 110 eucaryotic promoter was obscrv
eu to traml'..,rm C. Qcremoflium ~t the same low fre
lJuellcy as pJasmids th~[ COIlI.unt'd l'G Kp/II PToif lTable 
J). This obSl!rvalion suggests that the truncaled S. ("rn:' 
v;siae promoter PGKp has neg,ligibJe promoter activity 
ill' C. al.'T~mOniuITL Orienlation of promoten, DNA se· 
qucnccs Illat funclion to allow binding of RNA poly. 
lIlei'-1St: so tllal this enzyme lralJscribe:~ an adjaL"en t l..If1en 

rCOldi.ng fr:Jlllc, is imporlant for their function (Yun 
Hippel c:1 1I1. 1982). III the correLt orienlalian to 3.11 :Jd· 
jacclIl or/ prolllu'er activity is hi~l; in tllC oppusile 
omulaliun tIlt! activity is virtually 1l0n-cxbtcn1. If lite ,5 
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higher frequency or tr;ul~I'urmJ!lun ooscrvl!u wili! 

ll'NSp/llPT wf was dependent all the promoter lClivtty 
of Ihe :lel.!uel1c~s in Lhe S50 bp rr~~mt:llI jux(apo~<:tl to 
IiPTI.'H'[, !lICU the orielll;uion of l,lle CIJglllt!!II would 
be expected to slrongly effect U';jmt'orlll:lIIon _ Thi~ 
was indeed the case. All plasrnids containin g WNS;>/ 
tlPT"tf U;l/ls[ormed C. I1cremonium ClljcjCIIIJy. How

ever, plasmid pPS22 carries a hybrid IiIT 3t:Jl!! in whidl 
the 850 bp C. acremoniuln sequence is oriented oppo, 
site the orientation of Ihat sequence in U'NSpIIlI'T"I{' 
pPS22 transformed C acremonium at a low fn:qw::ncy. 
The frequency was no higher than that observt!d for 
plasmid pPS24 which conuins the I11'T £>If without any 
cUC3ryotic promoter. 

Provided that promoters in C QCTf:monium are simi· 
lar in s,jze to t.hos.: inS. cereviswe (Srruhl 1986),700 bp 
should be large enough to include aU the sequences 
necessary to promote transcrip[ion of arfs ill C acre-
monium. The 5-pcimc 150 bp of the 850 bp sequence 
juxtllpo~d to the HPT art did not ap~ar to enable 
plasm ids pPS21, pPS25. pPSJ I and pPS46 to transform 
C acremonium at frequencies signilk.ll1tly superior to 
those obtained with plasmids pPS29. pPS27 and pXL6 
whidllllck that ISO bp ill their lI'NSI'/IIPTl.'H'[senc. 

Ir tlan~fonl1aliall by l'CKp /IIPT 0If fClIUUC:i irae
gration of lilat hybrid 8<:111:' in ell 01<: C. I1CTl!lnotlium 
gellome at positions adjacent t<.1 and in phase Wilh 
natural C. 11,'remonrum l)fomOIt!f~ jlml transformalioll 
with II:'NSp/UPTOif has no SUdl requirement because 
lhe in tegration evc:rl[ ~upplie~ all active promoter, then 
on average fewer integr.ltioll evenl:> woultl be oUscrv· 
cd in a sampling of tr:lnsfurl1l!lllts oblalllt!u with IPN$pl 
HPT al{ than from an equivalent number of tr.aMrar
manu obtained with PGKp /IIPTorf. Southern analyses 
of resuiction enlyme dlgc:;ted total UNA from trans, 
formants I data not shown 1 W3$ consistent with this 
prediction. 

Plasmid pPS24 mo)' be useful as a promoter c!oning 
veclor. Recovery and examination of thc DNA sequencc 
direcuy 5' of the HPT coding sequtnce [rom pPS24-
derived C acremonium trans{ormanls Illay reveal l;elJular 
:iequences which pcmlit cxprc:s~ion of the III'TOI{_ 
Pulm and Knippers (191)5) haVe tramforll1~d mammalian 
cells witll an iutact thymidine k.inase (T1\.) gene and 3. 

1lI,mcatc:d version lacking dIe promocer n:gioll. The pro· 
moterlcS$ gene producl!d abuut a hum.ln:d ·fuld less 
tlansfOnnaJlLS th:l.O the inUlet g~ne. In cells transformed 
by plasmids containing the prollJolerlc:ss gellc, there 
were generally more illlC&ratiolls of lrOlllsrormiug UNA 
lhan in .:ells tr:msfonm:d by plasmids carrying lhe intact 
gene. Yet the :l.llloUllt of 1'1'. produced by both types of . 
If:wsrormanls was vcry similar. Examination of trans· 
formalltS which were derlveu from the promotcrless 
gene revealed that the reading frame or the TK gene Was 

located just dl)wnslreanl of cellular sequences. The 

'!. :... Sj,;~trUi.l ct .l.: G<:nC[lC tr;mlormlHon of C. acrcmolHum 

sug,geslioll -.va.:! made tilJt thc:~ cdluiar :.equen.:~~ I;on· 
(amed :'clive promoter :qiom, 

Extrapoiallng, he (croiogous ARS ,'unc:lcn in :;, ,::r-~' 

y;siat: 10 ~n an;.Uogous t"um:tion in rhe vril?,llu.i iWH Dr· 
gaJ1i~m may nol be justified in many ClSC:~: A1UIUU~l :.h:: 
1.93 kb f::r 1 remiction fragment of C. acrcfIlonium 
ll1ito..::hondti;:j DNA fUHCtJOIIS quite auequlcdy as an 

ARS in S. cereyuwe (Sk:Hrud ,md QUeener 19114~ Tud· 
zynsk.i and E~r 1982; Oeser et :tI. 1986), that frJ~men t 
did not provide typical ARS function in plasmid. u~d 
to transform C Qcremonium in the current study lI1d 

presence or ab$Cnce of the rragment in plasmids had no 
llgnifk:Wl effecl on Lhe abme)! of plasmlds to lransfonn 
C. Qcrtunonium. MaundreU etal.(I985) evaluated hetero· 
logous ARS activity ill S. CtTellisiae IJsing cloned DNA 
from SchiZOSllcchtJromyces pombe. They found that S. 
cerevisi::.e failed to recognize severa! cloned S. pombe 
DNAs. which functionated as an ARS in S. pomb(; 
they identified other cloned S. pombe DNAs th~l poss-
essed A RS activity in S. cerey;siae but !hex DNAs 
showell 110 AR5 3ctivity in S. pombt. 

Addition of C. ocremonium ribosomal DNA to lhe 
vector containinl!, IPNSp/llPTOIf had no I:'ffc:ct On tram· 
formation of e. aCTltn/ollium whereas ,hJditiulI of S. 
cUitvisjQI! ribo:sunlOlI DNA 10 S. cerevisi'li: illl<:y-ativc: 
vecton has been Ieported to dramatic:tlly illcreas~ trans· 
fU(lllation or S. cerel'isiae. l'j(!)um e t d. (1903) aho 
obscrv~J no increa~ in the: raIl!: of integrative HallSrar· 
mali on in A:tpergillus nrJuums upon indusion or iI rrag· 

• mcll[ or rONA from A. niduums into integrative pbs· 
mills. Mc:dlilJl111ll:> rOt hOlllu!ul!.0us rc:,;ulllblll:JUUIl i.1I 
S, ccrellisuu! are probably mudl nlorc: deve[op<!J than 
in l1iaml!nlous fungi; non.homologous. recombination 
ap~ars to occur more readily than homologous rc:com· 
bination in n.J:l.OlcntOUS fungi (Bync:s 198f1). 

Al Lhough the audition of the 3' region or a C. acre· 
monium gene downstream from IPNSplHPT IN{ did not 
improve transformation of C (lcremonwm (pPS~7 'IS, 

pPS21, Table I). a placement of Lhe puta the termina
tion ~quencc;l closer to the 3' eud of the 111'1'01{ i~ 
required bdure utility or this approadl is dis':UUllIed. 
Homologous transcriptional termination and poly:nJc:ny
latiull sequc:nl;cs present after foreign genes in other 
systr:ms llil1ff: iw:rellSlllJ flit: upce:s.siou of tile fon:ig,!/ 
~ne prooua:t lllil.:mnau c:t ai. 191:13). CrUZ. ;uuJ D.vies 
(l98J) placed I hygromycin B phosphotransferase of 
from Sirepromyct::r hygr~()pka$ between the promoter 
:md ternunation $e!.luences of the S. t;ert:visiu(· eye) 
gene. Hlgh frequency transformation in S. cert:vi:;iul! wa:s 
achieved with their vectors (equivalen( to auxotrophic 
selection). In contr3.St, when Kaster et a1. (1984) placed 
the hygromycin B phosphotramferase or from J:: (.'{)ii 

under the control of PGKp from S. cerevisiae in the 
absence of PGK termination ~qt.:ences the transfonna· 
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tion frequency in S. cerel'isiae was approx:.ima(ely I fY70 
of the frequency observed with auxotrophic sdec1l0fi. 

The use of the HPT gene i10lated by Iho et al. (1~8J) 
as a dOnJina.nt selectable marker may bc generaily lIS<!(u! 
for the devdopment of transrormation systems in f UIl!;\i 

sensitive to hygrornycin U. The preS<!llt study c1t:~rly 

demonstrat~j the utmty of a hybrid UP']" llenc con· 
structed by attaching lhe HI'T 01)' (0 a properly orienled 
:llld positoneu promoter taken ream the fungus to be 
transformed. This approach has been uscd SUCJ;cssf ully 
by oUlen to develop lrallsrornlation sysl~[l1s for V.filuga 
may dis (personal communication rrom Sally Leung, 
UniYcrsity of Wi~cons,in) i1IHI rOT Chocll/iubu/u.t /tefl!fV-

,f(J'ophus (personal CO/lllIIUllica lioll from Okll Y u,lL:!". 
Cowel! University}. The dorniu:U1..:e of hybdd 111'''1' 
selectable markers take:> 011 pattit:ul;u signil'ical1ct: 
when transforming industrial organi!lllls. Oumill;!m:e per
milS ttanlfonnalion of org,wisnu sensi1ive 10 hygromy
cin 8, a broadly effective i1Iltiblolic, without prior 
muugene~s to induCe Lilt: appcaralll.:e or a scl.:~labh: 

trail. Detrimental pleiouopit.: mutations Irc often as
$ociated with introduction of " selt!~table trail into a 
highly developed indusuiaJ microorgl1.nism after IrCOil· 

ment with a mutagen. Thc$c mutations frequc:ntly cause 
a decline in the capacity to product the desired lI\~taboljte 
(MacDonald et Ill. J 963). 

There arc scveral reasons why largcr prolOptas!S 
_ from a mixture or large IJ\U small pro\op!asts should, 

as ob$Crved in this, study, regenerate cell walls be lter 

than the sma,ll protoplasts.1t is doubtful lhat the ~maJh:st 
pro(op!as(s received aLt (he cytoplasmic eh:mcilts m:cc:s· 
Jary for survival and growlh, U\US, they would be unable 
to regenerate or produce a transrormant; howc: .. cr, [hey 
might sequester DNA alll.l redut.:c Ole chatlce of 01 COII/' 

pettO l protuplast from being transformed. Variability 
in the si2e~~lribution of protoplast:; delivered [0 trans
formation reactions mj&iJt explain some of the vOlribiJity 

in efficiency of transflJunalioli. AlioUlcr concept which 
might be con~id~red i~ the possibility of regional varia· 
tion in cytoplasmic membrane composilion ill a differen
tiated microorganism sud. :IS C acrttrlonilltn. It llI:ly be 
necessary 10 include a specific arca or the membral": iLl 
UIC plotoplast in order to produce a tfilnsrorl1l:&tioll 
competent plotoplast. For tXllmpll:, spec:i:.l.lil.ct! SlruC
tures ncat ,tic: septa may fUnc(ian in transporc bctwel!lI 
individual cells within Ule mycelium. These same sUu!,;
tures. ir present on a protoplast, may enhance il~ com· 
petenc.e [or ~rans(o(matioll. LIege protopblilS would 
have a better chauet: of incorporalillg such an arca. 

TIle initial development of IWT vectors for trans· 
fromation of C IJtumonium (Queener el at J985) and 
the improvement of tho:;e vectors ddcribcd in this report 
was carried Out with a wild type !itrain, ATCC 11550. (II 
general. highly mutagenizcd industri:t.l S,lf:\IIIS ofe acrc· 
monium have been observed to rcgenefaH: ,ell walls 

J-I1 

i1Ill.! trans(orm k~ ~(ficie!ldy than ATCC11550. How
C'ver. Ihe illlprovt:OIcnls, in the tr:ml.lfOrmalioo condilHlnS 
dc:>cribed in tillS report and our ncw HPT 'yector~ h<ivc: 
fac:ui!a!cd tr:msformation of a wider Catlge of :W>ljns 
of C. acremonium including illdusttially impon:.ull 

strains. 
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L _. ,JLAY:;'STOP 
( :,AL I 0 COMMAND 

Sequence of the C l1cremOniuffl IPNS promoter 
juxtaposed to the HPT open re~ding frame in pll1smids 
pPSS6 and pPS47 is double underscored. 

cipn5_up~tream.seq Length: 001 12 -FE[~"1987 07: 5(1 Chec k: 978 

1 GGATCCTTCT TCATGATACC CTTTCTCTCC TCGGCCAAGC OCGATGGCCC 

51 GCGTCTTGCA Gr~AAGCTGGG C(\GGCTTCAG AIlGTGGGCCA CGCTGCAGGT 

lO1 CGCCTCCCTC GTCTGCGAGT TTAA(IGlGCn ACGTGAACCA AAGCCACCCC 

151 GTATGTGTGG TTCCATTGGG TTGAGAAACT GGATTGTACG GGGTACCTCT 

201 ACCCCGAGTT CCTCGTCGAT CGGGT (lCfl TO ATACATTGTA CACCGTAGTA 

251 C?CAGTGTGTA CGGCCCATCf3 CCGTGGTCGC CCGCAGCAGC GCGAGATTCC 

301 GACGGACGCC GTCGACTACC GGTGAGCCGC TCGACGCGGG CCGTCGAGTT 

351 GCCGGGCC{\A TCCTGAGC1T CGATAGACTS TTCCGGGCCT CATGTGGGT~ -. 
401 GCGGCGTCTA CATGCACATG CATGTAACGC GTTCCTCATC GCTTGGCCCC . 
451 U,f'r:AH;CAGT CTTCAGGGAC CACACT~fAT CGCCGCTGCT GGACCGTATG 

501· TAACCCCCCT CGGCAGTGCA CCCGCAGGf."lO r:Cl1GATAATC GAGACCTTGG 

551 TCAGGCCATA AAGGCGCGTC GTGGGGA('l(,C TCATATCGTA TAGCAACGGG . 
601 AGACACGAGG TAGGTACTCA AGTACACATA CACACACCCA GCCGC~CGTf;\ ... 
651 TAAACAGCTT CAAGAGGGGC GA{)TflCTTI1A ATATCr::CTTT GGTCGCTCTT .. : 
701 CTGATTTTCG.AGGCTTCTCC TTCCGeCAfC GTCACTCACG CATA .. T!;I~Q..T -

r:GTCAC~~A'/~AAG:TC 7:11 CTTTCACATC TTACACCAGG CA{';(;ACj1[~AC 
".. . 

8Ql ~ ) · • "t, 'P'I 71 r ~..;l!>. 
~ c;..r:fW.s 

Reference: [ROSTECK.CEPHSEO]cIPNS-UPSTREAM.SEQ] 
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Cl ~\.1fJcltull.a" ,J'OilU?\tl1.J L:...i. 19.Jj 

(solation, sequence determination and 
('\expression in Escherichia coli of 

L .... 

the isopenicillin N synthetase 
gene from Cephalosporium acremonium 

S. M. S~m.5oJ)·, 1l. B~bK.jt·, D. T. m."hruhip·. 
J. L Chapman" D. Ptrryt, P. L Sb.!rud·, 
R. M. VuFUnk·, E. P. Ab .... h2mt. J. E. BaldwiDt, 
S. W. Qu .. nt." .t T. D. Ingolla·~ 

• EI~ Lilly tl Co .. Endiilnapoiil, lndtlnl 04.6:Z~-', USA 
t Sit W"i1l-iaE11 DUII'n1 s.c.hooL of Puhc~olY, Uninnlty Q( Odord, 
Sou'~ Puu Raod. O.ro,d OXI }RE. UK 
, DY1.On Pc:mni L.tbo("l.(of)', Umlfc:nity of O~(Qrd, $nulh P,ru Road, 
Ol(old OXI JQY, UK 

The .n.tym.l""~.;dlll. 1'1 '\'1!,he'aso (IPS) "","Ir- Ih. o~;dlli •• 
condel1Slltioa 01 6-(L-.... mi.o •• lpyl}-L-<J11.lnyl.o ... II •• (LLD. 
ACY) 10 Isopuicillia N, .. hicl! I •• ce.I,.1 ... ctioal. tbe p.fb"ar 
to dl.lally lmpo,uo, poakillll" .nd nph.l ... pori .... Hon ... 
rrpoH tb. tJoaiftl, dI.ndtril.l.tloa lad cJ:puSlio. iD £.scft,F"'idi .. 
coli of tbe .0 ••• oco<Il., tb. IPS 1'''''01. II C.p.~ID'l"'ri .... 
• ~""i"",. The IPS ,~U .... Id.atllilfd by purlrylac IPS p""fla, 
d.'tnniainl Ihe 8m 2J .ml ..... t.nai .. 1 Imla ... cld., '"1'.,1., • 
.. I of syarMtlc QII,o.~cJ"'lld ... lK<I<ilnl I pGnl" ... r Ih doler-
.. I ..... "'i ...... dd MqUt.ee, ao<l p",biol • evsmld c ....... Ubnry 
with rb. mixed alllolud ... tldH. A coomld bYMldlvo, with th 
p",o. .... Isol .. ed ond rho IPS 'e.e .... loclilled Old aoq ..... ced. 
The IPS co.e toco<l .. I poly~plld, o( .. l.tl,. molocullr ... u 
(M,) 38.416. Whu tbls 01''- ... dl., Ira .. , .... claoed 1.10 a. 
E. ",/I .. ,mol". ,ott", .ad lru .. ,ed I. to E. coli,lho recaDlbl •• Dt 
E. ooli p,od"e'" I ..... pmlein co-.. i, .. II., "iib l .. th,.lIe IPS 
IS lb. m.Jo, 1'1'0101. or lb. ceU (-1D'-. 4f cell p",telo). C",U. 
cell txlnCU coadollU<i u.n.,o,cy 10 • ~.icilllu ... se ... ltJ .. 
,,01«>11 ... ho ... a,lb.cI.rial Ictl,llJ lodleu'" thl' II 1tU 

oopoaldm" N. 
The conveniQn <>r LLD·ACV to uopenicillin N by IpS 0' 

cyclase il carried out by a '¥ancty of ar,lnlsms t incJ'ldinlJ Pt"icil. 
lium diryJo;l'e-nllll'Tl., C .aCl"t"'O"fl,j,,"~ Srnpra,":""~J dDtn.lUrfn.r.1 and 
olh., Actinomycctes. Penicillin •• nd cephalo'porin. Ue i.olutd 
ftom t11e54: orga .... ismJ for rh't manu{.~t;:!ure onmpon.ant fJ-laCllrn 
an[ibiotics_ The cyduc enzyme, in [he presc::nce or f-e l" Ind 
alCOrn .... tl:mov~ fou, hydroien. f'om LLO·ACY In<l con· 
sum~ one oxys.n. tl:sullinC in th. (ormation of the two rinp 
found in ifopeni<;iI1in N'. Mo" of [he .ttJdi~ o(che IPS reaaion 

Jls. I A.mi.............N~ MJq"'I"IIq~)'Mt.O(lF"$ 10M "'"I~.91~ila.uI.c: 
.oN", ptobrft.. A. not 4I'Ir 2J •• , .. o-Utft"' ...... &IIII~ .rn .... .r I,lIS. 
n. .. qunaan .....riI; iAdicata 1MI1.b, 11,.,. C"fd- 01 0 .. ..,q ..... MII' I"'I1II ....... 

.. fJoiC'\iCNI" '1"h4 wMlttt_" NqIk1M.":lt (ruid-W4'I II-D) IT'pft'M'QI:I tIN n";" 
eec:adEd b,. UN:.~ ~i.Od.aolOtKl.n. .. Th, ,...we aNA aIdoM (or 
.... ftoodc ... ,. ~ ... Jt. N.I.M tlun!! pa4liioa 0/ ModI CDdoIIiI "";"bI. 
.. u. .... ft"II'OC. AlIi pot;a.ablllJan.,. dO'III"ft.. C. T .... acu 0( l1'...a .,.~ron.cMoo 
1i4 .. i~ u.. _ .. u.;., ...... i ......... ,...aiIo4.l!.a pool 
..... _plcoi" oill. D. n.. "pM_lI, d ....... ON" _ ...., 
1110 _~ .. poooUaH ... , ____ (_1'l~1I. 
..... _Ea __ """6_,.(!l"Sr_C_ .... _ 
U Oac:ttbal bf hn, .... ~ n.(:cpl ~ till. o,..a.hliU ~ diu.. WC"I"II' 

ol\M' .ac 1,.000 r.p.& tq i:""'P' Ute ~wr ./Nkrw J. C .nft, ctUHl4q:rwbcM-
01 eM _ya:UII .. .,..,.. 'P'_t fl"MliOtll -oocu.aia ••• !AI .. ",[MIl .. .....,., ...d 
rOO' r • ..-~.~ 1'1 ..... , pon IPS prvNi ..... Of1>Ii,.. Ie ...... 1l1'C 
Hit '"0 Co ......... _ 001 ......... ," l'lI-..Io fPLC • ___ n.." 
lOt"'"" .... Of I"" U\ .. ~ lad UICI o.L...-. ~~M i. WUilf; c.1M- I 
-''Hft( -.11$ 10 .... iN.oprv,. ..... 1Q'l!11, ..:.tan.icril. WILt! 0.1 tIIIl P'I1' 100'" DdI. 
01 trL:III'IjII~ aQd.ll!ld mof1lI.r..o-I'"'' Th4' cotu.,.. ."'l"In •• OJ lid ..... ~~ 
wit;1II .. Nftl't 01 ilh .. rouo'lll'mi 11D .. ' Ji1Iod~"flu.: (!'VIiI 0 10 ''''' oI .... ~ 
",ft',r.J .-.nt;{1VIftOIG » ....... r:tOal j 1Ol)III'Ill-...tN.ll'Vf'll}OUt to"';-..wel 
lrorn 2l IQ J!I IN I _nL rf1)ta. TO laI 100%-. n. .. dcai.]'OIitonudta!.idn 
"C"N c.h-l1Dlcall1 'l-J",hft1:frd i:a, I'"WQ pcttiIh q( ]1 L 1."' .... cad.. t;tt.inl &II 

Appt'iN tim,........ DN~ S""tAndrl' (Mod,'" 1IG-At .. QPh'difl, (G rll" 
.... n"(I""l'1'f·1 ~rt'I"", .. dC'(l Pfotocol"l. Olil'CknC"n wnw: I"'int. .... "1 .2'0" 

pOly.cryL.lm .. ::II:1 ~ M wtea Id r~'t'aro'll'nQ,"~L 

havc cxammed etUymC::J from C .Jcr .. mOnll.lm .nd 5. d.~t."'LJji('ru:J. 
The- C. Qc.ttmann/"" e-nz'y"me h;u. bee:n purificdZJ. and ulcd to 
condense nOI only LLD.ACY to i,openiciUin N. bUla[,o .. rion" 
of LLD·ACV to dill .. ent ,B·llcum ,tructur< ..... " In a,e" !a 
e.'end au' l:nowied,e o( the p,operrin and potentiai of Ih. IPS 
.nlyme ..... have clon.<I rhe IPS ,ene Uld e.pressed the activity 
in £. toiL 

IPS protein (.om C a"'tI"O"'~," wu purified u.ini modified 
published p.ocedu,es' wi,h addil;onal "'Y<".·phue HPLC 
atcp" The purified protein "&$ then ,ubjocted to amino-'trmino.l 
sequen« In II}";,, .nd 2l ImiDo·.dd ,e;idue1 we,e <letermiDed 
(ICC Fi ,. I). Sixty. four synthetic 01 i,onucleolid .. "'.'tprepared, 
on. Qr ","iell ",u.s! be the po:rl'ea ",,,,,11 o{tIlc .:odin, io(o""atiofl 
fo, .mino acid 1 1!-23 (Ph.·C,y·~!'-AJp.L}".Glul encoded by 
ll'oe IPS ,ene. The 64 poSliblc 17·mer oligonucleotide. "'e,. 
synthesized ;n IWo pool, of Jl (Fig.l). The pool of J2 thai 
h1bridized enost efficienuy to ... 'triaiQn .nzymc-<;!uv.d C. 
acrtmoniwm Itnomic: DNA immobilized On n~troccnulo,e ..... l 
u.ed for further .~p.rimenU. 

The .ymh • .;c 17·m.r olilonud.otidn 'O'er< u •• d la sct'ten l 
Ct>.mid genome bank (Of the rpS ,ene. The r<pon of on. co,enid. 
pln28. "hich lIybridile<l to the oligonucleotid. ptob ..... ~ 
determined to b •• djacent to Ibe E. ",Ii .. Iecuble mukef1 by 
....r"::'(;on mlppin, In<l South.to bybridiz.arioru •• 0 Ibe co"nid 
wu ""nated by ""triction CIU)'CDe Hi"dlll <li,nrioo Ind 
rot·rii.cion to yi~fd rb~ lI·kiIobuc (lbi plumid pm], (Fi,. 2) . 
The DJIo'A .equen" or. portion of pliJJS ....... de •• rm.ined b~ 
Ibe M u:t..a1-Gilberr leciloique' Ind the p,edict.d amiDo-acid 
sequence o( on. relion mall:hed th. Clpcrimen\.llly d.renninea 
.mino-acid .equence or the IPS protein (FiJ.3). The op.n 
re~din, (,.me ';ontlinin, this inform.tion (Fi,.3) ean encod. 
a polyp.pti<le of M, 38,416. Th. n:porred ,'.I, of the IPS proltin. 
I.S delermined by SOS.polyacryllmide ,_I cl.euaphorni., U 
4lI.000 (ref. J) ( ••• lisa FiJ. '). 

Tho predicted Imino-acid ,equence of ll'oe IpS p,otein (ro,"" 
pm37 (FiJ. 3) b.,ins with ener~ionin .... <1 ,Iyc;ine ",.idues 
which Ire not (ound in Ibe protein isolat.<I f,am Cq>~alt"PO';lI'" 
cell •. These , ... iduos In evid."uy ,I.I'~ f'O'I·!n.rulationllly 
in C.phawsponum. ' 

Tht p,olein~<lin, ""ion o( the IPS ,cne coruilIcd of6J'!'. 
G'C bu. p&.i". Because or the hi,h G ~ C conlCnt •• _ wed an 
algorithm descn'bed by Bibb .. aL' 10 .. amine Ihc G + C coM.nl 
a( the DNA .equence .. a funetioD of po.irioD in the tripl.! 
..,don •. Bibb" <It un 'ho...., that the G + C ODtltcnt of the 
position. ill the tripl'" «>dons i. biu.<I within p"'lcin.coditlg 
tl:,ion. but ,.lllively (2J1dom auuide pmt.;o·codin, 'eiions 
(0' o"ani._ with DNA of hiJh GTe COntenL In particul&I, 
Bibb .f at found ellae dI. G ... C content o( the 6ro! po<itioa in 
the codDn 'iV" abour nen, •. while thar of the .000Dd po.itian 
w .. Q1ucb !owe" an<l thOl of the third po,ition much hi&h~r 

A ., ...... L. ,.0· VAl ..... 0· "'l·A.!. .. - .... ,. - ..... ' "~O·"flO· ~ LI· 
AIIII' - v ...... alA· "RIO·lUI- ""'I-CL T· AS"· A,,,· to 'P1.a:a.u • 

B .. uu~ IlG a QA. u QA Y 
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c 
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,-.. 1 5ch.nul1c d' •• ra&& of OIHmld.,.. .uwl pi ......... ....0 '" "'" pn"Hnt 
1Nd,.. n... hu of U\4 atdc ~ fk)C p.r~cMMJ t4 die NI. 01 ... , pl.Umid. 
!.J:o.:pt _heft lncii(:alN bodow, it. rnuidlOft IIAIYftI'E aR:Mk "lndiaud 
... IN dtl.W1n&. tU f'h,ft"l~ .hC"l (at thu e!\.lT .... .IN: ;.ch.d" t. 01 • 
• "1lfLI'Il. ,K<::461· .. Jl U ..... td. r;or,ftl14 Q\W\IV,\;QM: br It.. Ii. J.i.o ... R. 
k.tAnk 'fI'E~ c:o.nII.ll.i~don) _hQ c .. u" ... tm- i ~ycrJ onlt'" 01 ...,.i .. .;.., (S .. 0Ii1f ..... pfl!O) ("C, 10). tn4 ... Eo ......... ofrqoli<o<ioo 
(ori) rro ... ,111021. Atlt~blori(" n.LIot..aAc.I: curt"' OIl (.bd ptiUnti4 11ft diI.-
_picU"o ....... _ I'M (ApRII~ .. pBR.lU Iloo _"" .......... 
_ .Amlll r ..... pX.ClU (n(, III, ...,j 1M _ .. "". __ ..... 
eN .. -.! r_ ToS. n.. Lh ... _ ...... _l _ ( __ ............. 

"KC .. r CiIOflt,a'''' • WIIiqll4 "'-HI .-rna~ ... (UAnI: t. .. rIl'tId't 'Of 
cIaal .. 1 ~." .... II)' ........ E<1ollr _ri<tiH ok ... ,Inn .... -jO.k. 
pl.utMd crdlni b; lil.lilt. C ~ I1I"'ftOnltC DNA pttfti.n, d ........ 
-.th.N1ltric:tio. nazym. ~INI "'(0 1M .""HI IH • .p( pKC"'l"~ "ITIlI 
oomaltu -<10"" 01 C. ~ DNA IC.ph.. lru.m:), 'Tha a"OI&-UIc:M-4 
k. i.a4H:at.u tha ~n-c::adinl ",cian 01 tM I Pi ........ H_dUl* ia OM of 
• IcQI IQ Hl-4JU iii .... la dw InHrt. \.he rat 01 "hka aft I'IOC IMwtL 
,.m.1S.'r'I.t.2~kbpl ... nhd .... ~_~,d'.ndl'i.~rnll"""h Hu,.111 
• ..", ...... ~;II ...... dl" .Umi"nin, h.alr lh., ~Df 1M aU hi. -U kb of 0." 
c..,..~ OI'lA _ ... Th. II'S r" .. ...........-Ia "" d'-iooro 
OIl tha &mO'tIIt, Owl1 ... J"III'a .. aftllll rr...triaJOA titu aN -wa" .... iQIIM -.on' 

........... Nbld ~Uccni.lLtIoowu.i4cth.I"C ..... u..,ml.S~,ml4, 
I .... l~kh p4..,.w. WU Q""'tN 'tty -c-f.o.n'ftla 1,,4l)Q..bp £,ow""."""1 r,. ...... 
',...'mUbK-ttha!'a.RI .. S.JhitaofpUCllrJ.l.l).....,.. C". I , ,...,. 
ON'" 1..- (ll'Sl ...... i .. _ of "" _oi&-<Odio, rq;.. 0( 11M II'S 
__ ,m)1 it ... 11."~b ............. pi ...... -w.o. 'M _ ...... 
Godi.1 n,po..rUt. IPS ItM. 'Th.. l .. <w)"op J¥c.l-',,,,,Hl rn .... r .... 
'mlJ_u ...... ..; ...... r""_I ..... Mb_' _11,,_ .. _ 
• l"-lIb _I-_HI r",_1 r .... pCZlQ6, pCZlllllll • 40ft ... 0( 
pCZll$(..r •• Jl ..... d ..... i ....... __ h ....... ___ ..... 
_ Iloo 4 coil "",,,plw> _ """ ..... ~ .. _ 

- (N ...... ,Iq>!><-I.,......, TIM I: croll ~..- (trp pra, dri_ 11'0_ ....... of .... II'S po .. TIM ............. _ 0( 
-pcIM 01 1M IPS .......... 0( .... _"". ___ (N .. III 

~ '''Il10 u.dla:ud. ", .. -. c:. __ --"< DNA .... bokledr_~PA· 
...,... -"""'q.... ...... ",". Th. _pl ... _ .. lyMdltr_Mli", 
thalia J'!I. H,l&."'l'I ... k .. ,.. O..!M Tri •• HO ,H',l\.o.lMIDTA .. 
• J 'C to< IS ..... n.. ....... _ moItd""" _ .. _ ......... _ 
""""'" ne .. i.1 ...,j __ (10 .ioJ, Th. DNA..,.. _ .. I .... "". 
01: 10 "",._ollM KO .... ...,j ..-ltd ...... , ___ ion. _001, 

ON'" ..... 411_ III l mI n ~.d .. IID.M T .... HO ,11 1..1. 0.1 .. 101 
IDTAI ..... ....- _lO ~,tId-' _oI .... III:ISi .... ;~ XI, .. U'C 
r", I • ill 0.01 M Ttlt.tIC1 ,H 7;" S .. 101 EDT .... IIJ" IDS. 11M ... _ 
.... m.. cw:u:tc4 ror 10 tNa ..Q -'dI .ud'"Ad ~ ..... da.Iaralorm 
..... IJM DNA mpooool'" .o<I ... ""ndOod III 0.'1 .. 1 n .... a ... , 1'MI.ol __ .M: 
"~1fIi'iIl MNI ........ cbt. m .chien I.ft _ ... "'." .. 01 )O...4Okb. 
pltC«Il' _ d .......... will! H,..I • ......... with .lklJI ......... piIo_ • .-
_ "'"" .... HI, TIM """il'lty<ll ........ _ic DNA _''-_Il00 
_HI ... oIpKCI4l·...,j 1M ...-..... DNA _ --,.a. 
apd. if1'14 pM.e .\ ......u..me ~'" ak)t..:: ptlc:U,inc UI(NU ~in" 
.. UN It<IDmfM~ 9f'" ..... ,,(.au ...... l!.. aoItI sn .. Ia &rvwr*" u.. 
........ 010..1.,., .allM4I: ......... lhruodKntl....tt..lll , .. ~" ~ 
.... ~l&CDMai"in.~I_..,... ~_..., ~" .... ~ 100 ... ",,-1 

_. 

,-"--------' _. -'-------------

.... 1 --

~~ 0..-
......... I11III --

.. , •• iIIi. """ ................ ' .... i<I nok ... III --... dIoIMo III tho 
__ of 101 ....... -' .~ .. n.. Ub .. " ___ ........ __ IIIO"' ... n ..... H .......... ~,...., (_ ...... " ... 1 
...... 'fWI) ___ kiaa.Md .... , COrki.Uoit.1I. dtteriboN ~J' ... 1'ht McNa: ................ '1IUlI OM rw:GnIbiUM: L ... ..,. .,IMdiu4 u 4l-C '6# 1. i .. 
10.On ...... • .. I.$5C. 13.1'" _ill. Pf"l3P ......... '. W ......... WIft. fIIIMIlMtllf"l"WW" ••• .sse rlflW 34 .... r ...... .,......u.r s.. ........ ih"' ,-sse .. 
<!l_SI 'C. 

dla.Q Averqe. 1\$ slIOIt'II io Fi,. 3. the Pille paltcm of G + C 
conlelli bias ..... observed (or die ope" Radiq traml 1IftCOdi'D., 
the IPS protei ... 1'hit providn f\lnller C"I'ickoca dlat the open. 
:rndlna lra.me idcntilh:d by scquellcilll it Q)1ftCIi for its _lire 
lenA .in<>r a .bill: in rudin, lhune wovld haft abo ~ 
the O+C OOIlICIlI bias. 

To /\mba pfllnwt the open. readln, rl'llJDc CllCllda die (1'$ 
pmteill, we f ........ dlt opell readinl frame to all E. coli upraliallo 
1,.,lClI!.. The O'pell :rndiq frama from pITJ!S ,... itoIated all 
an No>l- ....... HI fn&lllcnt, The recoanhioll MqIIIlICC ror thl 
restriction enzyme Nml. J·-CCATGG.llIm:1'lIlib die methian
ille codo" that illiu.ca traNI,doll of Ibe open. :rndiDI 11'1411 
(Fi ... l). The n:suiction emym41 8II",HI clava -4SO bae pUR 
(bp) doW1UlrUm from die pmpolllOd IrallllatlollletnlilWion Iile. 
Tbc N""I-8II"'HI rralMent was IIlared lnto a.Q E. ""II 
UprcmOIl VlICUIf LO ernie pITJJ7. The E.. coli upmsion v«IQr 
\I$IId the pmIDl1Ief Ind ribosome bindinl lite froID Ibe E.. coli 
tryptopha .. Opel'QlI and .. ICml"'nlIV""·$CMiti •• copy oontrol 
l)'Slf:m ('l1In&."..y rcplioon'). E. Nlil 0:.:11. tmurormed willi 
plTI37 produce .. ncw protein which co.m'.,..I" wltb :alllb~ntic 
IPS protein On SDS'polyacryl"mide ,.Is, At low leml"'nllur •• 
the cell, produ~. low &1110","1$ "r the new prolnn, bUI at hi'" 

tcmpefSllll'ft Ihey produc:e abolll 20% of lo~1 "II prot.'11 as 
die pllullivc IPS polypeptide (n .. 4). Thc olb.r lIew majOf 
protein bed prodllClld by the tmu(ormed E. aNI ans is 
Ulla.mycia pb01pbotrUllf.nse, whicl\ is also encOded on die 
E. 1»11 upress;a" ...aOr. 

<:node- tzll-frtt Il<U1ItU from t'C1lI ccintaininl pITJ)1 also 
COIItaill IPS acdvity. Extnas were incublctd wllh UD-AC'I 
aDd Ihc mu:UOII mix,,"rc teatd for Ultimic:n:lbi&l &alvi,ty Oil 
.. pr plata. impl'''Irllued widl M~ ""1IUIi. 1\$ MOwn ill 
FII- 4, aalralioll of anrilllil;l'Obial activity in !he _>' wu 
dependelll .on the Jll'l'HII«e .of Ihc IPS ,ene Ia. !he: E.. coli 
Uprasioll vICtOr and OIl UO,CDO\iI addition o( UD-ACV, 
Thae mullS iDdig.lI: thallhc opcll nadi .. , fta.lll<l fronl pITJJ' 
1IftCOd.,.. polypeptide widl IPS activity, Ind!hat!h~ P<'iypeptid., 
b uptllMd ill an aaiVIt form III E. coli. l ...... 

The do IIi", ."d eiprusion of Ih. IPS .&eoe fro:JI c.~.,... 
".""/",,. will racilillU! fwtll.r analysis 0( Ibl: peakillin
cophalosporill bios)'nlll",ic path",.),. Thl euymlltic pmpertin 
&lid IlnItt1.lRI(um::tion relalionship< of IPS call 110'" be tesl..! 
in mo"" dortall bcc:Iusc or the VftCI:l' avaiiabililY or Ih. J)'n. 
thca ... The pro""It; •• of die C~pJt"I".porill'" Jene, apecially 
with IUpea CO the conlrol oftrallSCripl,an, an ,Iso be $Iuditd. 
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lrowth. cycl~. tllUestina the pouibiiity of conErol of upre .. ton 
of the bio,yothelil: 'el>~ thcm.dvu. Thcu upccu an: pmenlly 
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Au~ or I 'b.cttrlal hYll"Orn,dn B RSi.stlln(t Itne by In,,scrlp'Ionai and 1n11s/llional (u5ions Uld 
hI ON .... ~ul.'ndnl 

Kevin IUCa.slcr. Stan Ie)' a.Bur,ell, R.NlIaaraja R:lO and Thomas DJniolia· 

Lilly Rt:SO.fCh LaboraloriQ, 301 E. McCatly Slrcc:t. Indianapolil. IN <46285, USA 

ABSTRACT 
We h.ve char~ct~rized hygr~lc1n B and apr~ycin r~sistlnce genes from 

an f. coli plasmid. We haye )oc~llled the codSng and control regions of 
these genes by deletion of OHA fragments from p)asmids contatntng the 
genes. It was 'o~nd that polypeptides with apparent molecular ~19ht$ of 
33,000 and 31.500 daJtons are encoded by the .pramyc!" resl1tance gene and 
polypeptIdes with apparent noiecular wel~ht$ of 4Z,5oo and 41.500 daltons 
.re encoded by th~ hygromycfn B reslit~nce gene. ONA sequence analysis 
IdentIfIed I typical pro~ter sequence upstream of the genes. 'DeletIon of 
thIs promoter ellmfnated both resistance phenotypes, .nd h)q~~ycln 8 
resIstance could be restored by substItution of a promoter from. foreIgn 
gene. The region known to be necessary for hygromycln 8 res1sta~ce 
,ontained an open reading frame large enough to encode the hyq~ycln 8 
resistance gene product. Thts open readIng fr&me was 'u~ed with the amino 
termfnus of I-galactosfdase. This hybrid gene con(errtd hygramycfn 
r~sfstance to 1. coTI. and eKpressfon of resistance ~as under (PTG control. 

I HTROOOC n Ott 

A dominant, selectable genet1c marker functlon.l in heterologous systems 
would be valuable for & ~artety of reaSOnS. for e~ample. It could be used 

on shuttl~ vectors to $eJ~ct for c~Jls containIng foreign OHA or IS ~ 

¥ehtcle far 1solat1n9 promoters and control sequences frob (amplel DNA. 

Ide.Jly. the 9~n~ encoding the doctR.nt ~rter would still be active .fter 

fusi~ with sequences 'rom the host organt~ whtcb promote ,.presslon• 
One candidate for _ widely useful dominant Marter fs the hygromycfn 8 

Tl!slst~ncl! gene from !.. call. ttygromycin 8 Is an IIIIlnoglycoslde antlbtotlc 

that rnhtbfts proteIn synthesis and kills bacteria. fun9'. and hfqber 
eukaryotes (1.2). A gene was recently '~olated from t. coli which confers 

hygromycfn resistance to this organtsm by phosphorylating the antIbiotic 

(Rao, R."., H.E. Allen. J.N. HobbS, Jr., W.E. Alborn, Jr., K.A. Kirst .nd 
J.W, Pasch.l. Submitted to Antfmlcrobf.t Agen~s and Ch~t~r.py). During 

the course of this earlier work. the gene was moved to a mutt\copy plasmid 

derived fr~ pB~322. We wanted to ch6racterfze the drug resistance gene$ on 

ClIRL Prll$S UmitlKl, O.dord. Engbnd .. 

" , I . ' ,! I" 
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this hytlr:d pla~mid ~o that we could te~t the ut;:1 ty of :he 'len!!':. or 

d~rjvatjves of the genes as domi~dnt seiectaole ~drker~. 

MATERIALS ~ MfTHOOS 
Bacterial Strains and Plasmids 

The strains used IoI!re L. i 102 derlvat! ... e~ RRl {Jl. JAZZ1, CSRli{}J (4, 

5). OHl (6). and B£904 (4 de mutant; Kuh1toSS. S., H. Hslung. R. 

Belagaie, 5.6. 8urgett an~ R.N. Rao, ~nuscript fn preparatfon). All 
pJ.lsmids ~re deriyathes of p/3R32Z (I). 
Bacterial Culture Condltlon~ 

Drug-reSIstant bacterIa were selected on TY plates (8) containing the 

appropriate antlb!ot'c~ at the following conc~ntr4tlons: AmpIcillin [Apl, SO 

~9tml; apr4mycln (Aml. 100 ",g/ml; /lysromycifl B. {Hill). ZOO \l9/ml; ~nd 

tetracycline (Tc), 25 !l9/rnl. Assessment of tkTI resistance W4~ made by patch 

te~t~ from cells grONn on I different antibiotic except In tr~ caSe of cell~ 

(ont~inln9 pTI105, ~hlch could be plated directly after trAn~fQrmatlon on 

hygromycin B-containlng plates. .-9aldcto~ida1e assay~ were performed 

accordIng to III I h:r (8). 

Ha~'cell labelling 
35 CSR603 cell~ contaInIng plasmlds were labelled ~It~ S-methlonlne 

accordIng to Sancar. !i!!. (4,5) except that after UV trr~dI4t'on the cell~ 
were grown overnight 1n tbe presence of 100 ~9fml cycloserIne. 

flectrophores Is 

Sodium dadecyl sulfate-polyacrylamide gel electrophoresis (50S-PAGE) ~as 

perfor~d according to Ame~ (9). 

Formaldehyde-agarose gels were run .s d~scrlbe~ by Zaret and Sherman 
(10). RNA blots were performed a~ outlined by Thomas (Ill. 

~ Sequend nil 

DHA sequence analysis was performed using the chemical c1eav4ge ~thod 
of H41.~ and Gilbert (12). DNA lIlbl!111"g .... "s carrIed out IS descrlb.ed 
prevlou~ly (13). 
Conversion ~ Sac ! ~ 

After digestion with S~CC. ~~9 of pKC22Z ~as Incubated for IS ~jnutes at 

37'C in 5 pI of 50 ~ Trts (pH7.S). 10mM MgCI Z' 20~M each of dCTP. dAT?, 

TTP £nd dGTP with 3 unlt~ of DNA polymerase I large fragment. After he,t 

inacttvatlon of the polymerase, Bam~1 lInkers were ligated onto the 

blunt-end~d DHA -alecules. digested with Sam HI, and rel1gated. After 

digestion with Sac1 to lower the number of parental plasmlds, the DHA was 
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used to transform strain RRI to ampicll11n resistance. ~quence analysis of 

one of the resultIng plasmid'S, pTII04, showed that the treatment with OKA 

polymerase I large fragment hAd removed the 3'-extenslon generated by SacI. 

Removal 2! ~ Extension~ with T4 OHA Pol~rase. 
The 3' extension left by restriction enzyme HpnI was remoyed wIth T4 DNA 

polymeras!. About 1 ~9 of restricted D~A was Incubated in 10 ~l of 33 mH 

Tris,Hel. pH 7.8, 67 mM potassium acetate. 10 ~ .a9nest~ acetate. O.S mM 
dith1othreltol. 0.1 mg/ml bovine serum albumin. and all four dlTP's at 150 

)1M It 37 degrees C for 5 minutes with 3 unlt!. of 14 OIlA polymerase. T~ 

react ton was quenched at 6S degrees C for 5 minutes after adding t ,,1 of SO 

mH [OTA. 

Hatl!!r1als 
All enzymes were obtaIned (rom 1!!1tller Boehrtnger-Mannhelm, Bethesda 

Research Lab!. or Hew England Btolabs. Apramycin and hygromycin B were 
obtaIned from Ell LIlly and Company. AmpIcillin. tetracycline. cycloserfne, 
and agarost weTe from S'gma ChemIcal Compa~y. [3S_S]-methlonlne was fr~ 
Amersham. 5-bromo-4-chloro-l-lndolyl-B-D-galactoslde (XG) was purchAsed 
from Bachem. BamHI linkers were from CollaboratIve Research. 

RESULTS 

Genl!!tlc Ana'!sis of the Pla$m1d-Borne ~ 
Resistance genes for hygromycio 8 (HmJ and apramycl" (Am] are (ontalned 

on pKC22Z. shown In fIgure la. lh1s plasmid ts derived (r~ pSR322 (yl. 

pK(7) and Includes a 89111-Sall fragment from a naturally occur~tn9 plasmid 

cloned Into the ~II and ~I sites of pKC7 (14, R.o, R.M .• H.E. Allen, 
J.H. Hobbs. Jr •• W.E. Albo~n, Jr., H.A. Kirst ind J.W. Pasch.l. Sub.ttted 

to Antimicrobial Ag~nts and Chemotherapy). Hygromycln 8 resistance is 
-edlated by an aminocyclttQl phospnotransferase that Inactivates by covalent 

add1tlon of A phosphate to the 4-pos1tton of hygromycin B (Rao, t."., _.E. 
Alltn, J.N. Hobbs. J~ •• W.E. Albo~n, J~ •• H.A. Kirst and J.V. P.schal. 
Submitted to Antimicrobial Agents .nd Chemotherapy). The gene is 

.bbrevhted IS.!2hiil. Apr .. yc!n reSistance is llledtated by an aftIi nacydltol 

lcelyltransferase that acetyllt.S tKe nitrogen at the J-posftlon of 

ap~ .. y(ln (14). The gene is abbreviated as .ac(3)IV • 
Deletion experiments showed that Information encoding Hmr is on the 

left (8g1tf) Side and Information for Amr 1s on the right (SaIl) side of 
the lntert In pKC22Z (figure la). Oeletion of a Sac) piece (fragment 1) 
from the left side of the Insert eliminates Amr but not Hmr. Delp.tlon 

6S97 

,. :,:." 
;.. . 

. :\;~t'. 
. '. ~ . ". 

: . 
. ; 

"! 

.. 
1"~ • 

J',: 1 



Nucleic Acids Research 

:I 
a.) pKC222 1 

-
'* & ! ;a i 

:2 ;: =;Z 

!i : l~ ____ J I I • 
-j ] 

I I I 
I 

I I 1'-___ 

---I 
I .. t 

41 I 
I I t I 

b.) pTlt04 I 7 
I 

a 

I 
i: I I li! 

;X i !, !l 
;:: 

l I , , l -'-_-'-..L-__ ---I'-1. _____ -Ll ____ ---Jl ______ - ____ _ 

c.) pTI10S 

= 
f i ,/C _ :: - 1 l J:r J J 

l: ____ .J. __ 
! ! 1 • 
~ 
hPI. 

-!--i!----''-1.------L-~--_.L. - - - _ --------

figure 
A) 

1. Plasmlds encodtng Hmr and/or Amr 
pKC222 1s derlv~d from pBRJ22 yla pKCJ and contains a Sall-Bgl11 
fragPent isolated fr~n a naturally occurring pla~mfd. PKC20J, 
that confers resIstance to apramyc1n and hygromycln 8. (RIO, 
R.H., H.E. ~llen. J.~. Hobbs, J~ •• W.E. Alborn, Jr., M.A. K'r~t 
and J.W. Paschal. Sub~ttted to Ant1m1croblal Agents and 

B) 

C) 

Chll!110 the rapt) • 
The BamHI site fn pTII04 is derived from a 10 base pafr long 
S~Hl linker Inserted into pKC222 after cutting ~lth Sacl and 
r~no~al of the 3' e~tens10n with DNA polymerase. 
The Sall-BamHl fra~nt of pTI104 \s replaced by a Sal-BAmHI 
frAgment containing the 1 leftward pr~ter. The BAmHl sIte is 
Inserted Inta IP~ at the Haelll sIte upstream of the 
tran~lational lnltJation site for the 1 ~H· prDt~ln and 
downstreAm from the transcriptional start site for -H- tn RHA 
(16) • 

of to EcoRl piece (fra9ment 3) from tne right side of the insert ellmlnates 

Hmr but not ~r. Subclonlng the PstI piece {fragment 2} of plCZZ2 into 
p6R3ZZ allows expressfon of Amr but not Hmr. ~fch fs consistent with 

the results of the deletion experiments. 

Further subclonlng experiments trom pKC222 suggested that e~presslQn of 

Hmr by the ~ gene requires 1nronnation from the uc(3)IV gene. A 

SaJl-Xhol subtloRe (fragment 4) dId ~ot express resistance to eIther Am or 

Hm. and neIther dfQ an Xbo-BglfJ subtlone {fragment BI, yet the sum of the 

two subclones {fragment 1] encoded resistance to both Hm and A~. SInce 
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deletion of the SacI pfece (fragment 1) ~till permlt~ Hmr , yet the 

XhoJ-8g11J piece (fragment 8) Is not sufficient for Hmr. it appears that 

Information to the left of the Sac! site (including fragment 6 In figure lal 
Is required for expression of Hmr. 

PhySical Characte~ilatlon of the Amr and Hmr Gene 

The two ~ost 11~ely explanations for the Importance of Information to 

the left of the leftmost Sacl site (figure la) for e~pres~Ion of Hmr are: 

I} the t~ resistances are conferred by one polypeptIde with distinct 

domains; Dr 2} the two reslst~n(eS ~re on separ~te proteins translated from 
I slnqJe mRNA. 

The first hypothesis was tested by ex~fnlng the polypeptIde products of 

several plosmlds using ~ coil ~axlcells (4,5). which allow IdentIficatIon 

of plasmid encoaed polypeptides. Figure Z shows that the ~ and 

aac(J)IV genes encode dIstinct polypeptIdes. T~ hygromycln resistance gene 
encodes I polypeptIde of about 42,000 dallons. Ind the apramycln re~lstan(e 

gene encodes a polypeptide of about 32,000 daltons. In h colI cells. 

contaInIng the plasmId pKC2Z2, ~Ich confers resistance to Hm. Am, and Ap, 
the predomlndnt plas~ld-encoded polypeptides Ire a doublet It about 37.,000 

daltons and anothe~ doublet It about 42,000 daltons. In cells containing 
pKC237, which is derIved from pKCZ2Z by deletion of In EcoRI piece (frag~nl 

3 of figure la) and confers Amr ind Apr but not Hmr. the doublet It 

42,000 daltons is absent. In cells containing pKC241, which Is derived from 

pKC222 by deJetlon of j s~cr pIece (fr~gment r of figure 1~) and confers 

Apr .nd Hmr but not Arnr. the doublet at 32,000 Is completely ~fsslnq. . 

(The remaInIng band near 32,000 comigrates wIth the Apr gene products of 

pSR.3ZZ) • 

The second hypothesis to explain the requirement for a4c(3)IV gene DNA 
In order to express the ~ gene and obt,ln Hmr is that the gp.nes are 

part of a polyclstron with the aac(3)lV gene upstream from the ~ gene. 

This h)pothe~ls predicts that a large ~NA ~pecies complementary to both the 

aac{3}lY and ~ genes should be found In cells containIng pKC222. 

Consistent with this Idea Is the finding that probes from both the 

~ and aac(J)JV genes hybrjdlze to large RNA molecules from ~ coli 

cells containing pXC1Z2 but not 'rom cells without plasmid (data not shown). 

Analysis of the Transcriptional Activator Region 

The region containing the aac{3}tV ind ~ genes ~hould conta1n a 

promoter within the PstI-Sacl pIece (fra~nt 6 of figure lal of pKC222 

based on the results of genetic experiments described earlier. Since the 
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lop' Ap' Ap' Ap' 

11m 
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I.m' I 
10m 

Ap' Ap' • lop' Ap~ 

figure 2. Identification of Plasmid Encoded Polypeptides Using E. coli 
Hulcells ---

Plasmids ~re transformed fnto the E. coIf str4fn CSR603 •• uvrA 
mutant j Pl~smld e"cod~d polJpeptldes were-ex-~Ined by lauell1ng-ciTls 
~lth [ 5S)-methlonlne after UV Inactivatfon and overnight growth In 
cycloserine. Panel a:Caomassle Blue staIned 12.5 percent 
SaS-polyacryl4mlde gel. The first lan~ sho~s molecular weight markers of 
92.SK. 66.2K, 45K, J1K. 21.SK and 14.4K daltons. The following lanes 
show total cellular protein from CSR603 containing the~e drug 
resistances: Apr) ce'ls contafn pBR322; Am' Apr) cells contain 
pKC1J7. ~ derivative of pKCZ22 ~f$stng an EeeRl fragment (fra~ment 3 of 
r'fure l~); Hmr Amr Apr) cel1~ contaIn pKC222 (ftgur~ la); ~ 
Ap ) cells contain pTII05 (fIgure 1e). 
Panel b: the autoradIogram of the gel shown In panel a. whtch should 
identify the pla~id encoded polypeptides (4,5). The ftlm (lAR-5 , lodak) 
was e~posed for 24 hours at ro~ temperature. 

subcloned PstJ piece (fragment 2) conferred Amf, it MOst likely cont~fns a 

promoter. Also. since deletion of • Sacl pIece (fragment 1) ,ttll penlitted 
r . 

expnession or HsrI • t~ prOO'lOtet' GlUst not be wfthill the 1!£1 pfece. 
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Therefar~. sInce the Sacl fragment Is contained w{thin the Pstl fragment, 
the promoter ~st be between the Pstl and Sat! sites. This prediction was 

tested by primary sequence analysis and by promoter ~xcnange usJng known 
f)l"arnot!! rs. 

The primary sequence analysis or the P~tl-Sacl fragment demonstrated 
typical k £!?l! prOfJlOttrs amI translational Inlt.l.thm slgn,h upstream of 

the Satf sftes. IS s~o~n tn Table 1. These sequences would'act tn a left to 
right direction based on the orientation shown in "gure la, as expecte~ 
from the genetic studJes. 

In order to test the function of thts proposed promoter. tt waS 
necessary to cnange the Sacl site to I BamHI site. This waS accomplished by 
removing the 3'-extenslon generated by Sacf digestion ,nd llg,tlng 10-mer 
BamHf linkers to the flush ends. The resultln9 plasmId, pITI04. Is shown In 
figure 18. 

The proposed promoter sequence, no~ contained on a Pstl-8amHI fr.9~nt 

of pITl04. w.s able to pro~te _-galactosidase eApresslon when fused to • 
fragment of the lacl gene lacking .ctivator seQUences. The Pstl-BamHl 
fragment was lIgated to pHC140J •• plasmid contalntng the Jacl gene with. 
BamHI site .t the codon for ,,'no .,1d 8 (15). As shown in table 2. the 
BamHI site of pMC140l should have the same translational reading frame IS 

that p~oposed 'ar the Pst-8amHr (rlgment from ptTI04. fn fact. cells 

.isslng the genomic capy of the l!£Z gene but harboring this hybrId plas.ld 
produced dati blue colonies on X-G ampicJll1n plates ca). Indicating that 

the Pstf-8amHt fra9ment could indeed-drive transcription and translation. 
In a complementary exper\ment. it was found that I characterIzed promoter 

could drive ~xpressfon of Hmr when spliced Into the SamHt site of plTI04. 
A promoter from bacteriophage 1. lPL, was 119at~d Into ptTI04 at t~ 
Sall-8~HI s1tes. The 8amHI site in lPl was artifIcIally inserted at , 
HaelII site in the unt~ansJat~d leader regfon (115 bases downstream (rom the 
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Table Z. Fuston of the Apramycln Resistance Gene wit~ ~-galactosld4se 

pTI104 ATG/TCG/TGC/AAT/ACC/AAT)GGC/GAA/At\C/CCGlcc9/9at/ccg 

~-9al Wi/GAT ICCG 

The upp~r line represents the sequence obtained from pTII04 near the 
8amH! site (figure 1b). This sequence Is the s~me as the 3' rod of the 
sequence shown fn Table 1 e~,ept that the SacI site J'-e~tensjon h~s been 
eliminated and a 10 base pair long 8amH[ linker has been tnserted. The 
lower case letters represent nucleot7des from the lInker. The lo-er lloe 
represents the readIng fr~oe at the B~HI 11te of ~-gdlactosldd5e In 
pMC140J (15). 

mR~ start site) and wQuld not bring translational activator sequences wfth 

tt. (16; Kuhstoss, S., H. Hslung. R. Belagaje, S. G. 8urgett and R. H. Rao, 
~4nuscrlpt 10 prepar4t1on., Thfs nybrld plasmid, pIrIOS, sho~n In figure 

Ie, effIciently conferred Mmr to ~ coIf. 
DNA Sequence Analysis of HygrQmycin S Reslstanc~ Gene. 

PrevIous e~perlments showed tftJt the hyqrornycin B phosphotransferase was 

encoded within a 1.5 kb D~ fragment bounded by a SacI site and I 8g111 sIte 

(figure 1). In order to localize the gene more precIsely. the primary 

sequence of this re9i~n was determined. 

The sequencing strategy fs sho~n In figure 3, and the primary sequence 

in figure 4, Computer analysis of the ~rimary sequence Identified a large 

open reading fr~e bounded by the $6(1 site on the S' ena and the 8911r site 
on the 3' end. The &mlno acid sequence predicted for the polypeptide 

rncoded by this open reading (rame Is shown in fIgure 4. 

The open reading frame postulated to ~ncode the hygromycin g 
pho~pholransferase is preceded by a GGGGG $equ~nce 9 b~ses upstre&n from the 
ATG which is postulated to Initiate tr4ns1atloo of the polypeptide. ThIs 

sequence and the spacing are appropriate for a ribosome bindIng sitt 1n £. 
calf (lJ). 

fus10n !f l~ ~!gromlctn ! Res1st~nc~ ~ wlt~ ~-r.41.clo\lda$~ 
w~ fys~d the protein cod'ng re9!on of ,-galactosld'$e wIth the putatIve 

cartIng r~!lfon Qf the hygrOlllydn B resl5lance 'Wilt!. WI'! lit II !zed the un(qlll.! 
HphJ restriction site In the hnrOl!lycln B gene, whIch cut:;, 10 bp do"mUrl!~ 

of the initIating ATG (as shown 1n ffgure 5). as the junction site fOr the 
fusion. The J' overhang of the Hph) site wAS eliminated wIth T4 DHA 

polymer.,e (see Materials and Methods). and the blunt ended MOlecutes were 

lig.teo to the .-galactos1dase cDdlng 5~quence on pUC! (IS). ThIs 

'-galactosldase sequence ba$ ~lttple restrIction Sites. includ\ng a unique 
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Ftgure 3. Sequencing Strategy Used (or the Hrgromycfn 8 Resfst4nc~ Gene 
The primary sequence was determ(ned u~1n9 the them'cal cleavage 

method of Hax~ and Gilbert (12]. The length of the arrows fndtcate1 the 
distance sequenced from the labelled end. 

HJnc11 sIte, downstre~ of the tr~nslatlon {nltlating ATG ~eQuence. The 

reading frame postulated to encode the hygromycin 8 phosphotransferase 
polypeptfde WQuld be ~~intatned _by llgllting together these blunt-ended 

molf!'Cules. as shown In 'lgu~e S. ihe resulting plasmid, named pKC307, was 
~ubjl!tted to OM. sequence anal)'~1s and the sequence predteted in fIgure 5 
11'1$ verIfied. 

Thh hybrId gene conferred hygromycln B resl$tance to !..~- coH. The 

hygromycin B resistance was more efficiently conferred in the presence of 
IPTG, an 1nducer of ,-galactosIdase actlv!ty, than 1n the absence of lPTG. 

loS shown in table 3. It should be no.ted that wtll1e the eff1c1ency of 

plating on hygromycfn B plates is low fn both cases, efficiency of platIng 
Increased about 100 fold In the presence of JPTG. 

DISCUSSION' 
Our Inal)sis of a hygromycin 8 resIstance gene from an i. colt plasmId 

shows ft to be lfnked to ,n apramycln resfstance gene as part of a 
pol~cf$trcn~ The .pr.myc~n resistance gene (.ac()IY) precedes the 

hygromyc1n B resistance gene (~) on the primary transcr'pt. The 

evfdence (or this configuratIon is t~ree{oJd. fIrst. the expressfon of the 
~ gene requIres 'nfonaat1on tn front of the alc(l)IY gene. That 1s. 

-the absence of a S.cf-Pstl pfeee ~of DNA, fragment 6 of figure la, elfmlnates 
expresJ'on Qf both genes, t~ absence of DNA downstre~ (Ira~nt J) 

eltmlnates expressIon of Amr. &nd the absence of I plete of DHA even 
farther downstf'ea~ (fragment J) elfm1nate~ expressIon of HmT. Second, the 
two reslstance genes encode ~parate polyp~pttdes .1 shown by maxleell 

e903 q;L 

-, .. 



Nuclei<; Acids Research 

6904 

CACCTCArGAGCC~GAA(CAGA(~A'GTTCGAG~(AAGGiCG4CtTGAfTGCT~C 

~ m H ~ ~ w 
~CACGrGGAGCGGArC~~rTGrCrrTcrtCAGeICGeT~rGArArGcrGACGcrrA 

hi 8u 90 100 110 1;>0 
.... ,., --
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- ~U-
ftgure 4. Prfm,ry seqqence of the Hygromycfn B ResIstance Gene. 

The sequence ts reported from the rightmost Sacl lIte tn figure 4 to 
the Bg1JJ site \n I 5' to 3' dtrection. The predicted imIno acid 
sequence encoded by the large open reading frame found within this region 
Is also included. 
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p,;ctZl H"·I.~t: 
S' Arc AAA MsJ ccr (iliA ere Ace GCG ...... 
l' Tile nt nrc GGA err CAG rGG CGC .•.. 

Jue! ,,, 
MG Ace MC ATT ACt; AM ICC eGG crJ. Tce GTe I GAe. 

11'414:11 I lillie. II 

,K£:JiI1 

Hpi! I 

I H~h I 

114 DNA pllly'"tIJU 

t:t:! (;M Cit Ace GCG .••. 
•. (;tA en CAG lC£l tee ... _ 

"',,' 1111 .. NIl • "" 413" ~, :il1I Illy $;1 ¥<l' ptQ O'u 
lup I;lCO ,AtCACCAIGAlf ACGAAJJCCcr.Gr.GA reCtleCcr GAA • 

figure 5. FusIon of the Hygr~ycfn B Resfst4nce Gene wIth 1.,2 Coding 
Sequence 

The hygromycln B reslst6nCt gene was cut at a Hpht re~tr'ctton slt~. 
whIch cuts the upper strand after base 236 (figure 5). After removing 
the 3' e~tenslon ~1th T4 ONA poltmerase. the blunt ended molecule1 were 
llgated to the lac l gene on puce (18) cut at a HfncfI site. The 
predicted sequence of the fused construct. shawn as pKCJ07. w~s verIfied 
by DNA sequence analysis. 

analysis (figure 2) of plasmid-encoded proteins. Third, A large RNA spec'e~ 
tAists tn!. coli cells harboring the relevant plasmid which hybrid'2e~ to 
probes from both genes. The transcriptlon.l activator sequence responstbl~ 

far the expression of the palycfstron has been (denttfled And 
characterized. Primary sequence analysts Qf the Sacl-Pstl fragment 

(fragment 6 of figure la) demonstrates I tiPical ~ I promoter sequence 

(table I). When the Sacr-pst[ fragment is fus~d in frame with a ~ gene 
lacking its promoter and flr~t a &mlno acids, active .-galactosidase protein 

is produced (table 2). Also, If this Sacl-Pstl sequence is excised and 
replaced by a known promoter sequence, the leftward promoter from 
bacteriophage lambda, the resistance gene fs once again expressed. Thus. 
physical and functional e~ldence support the conclusion that lh~ SteI-Pst! 

fragment contains the promote~ for the IIC(3)lV and ~ genes. 

The separate poljpeptldes encoded by the resistance genes bot~ appear IS 

doublets on an SOS-poty.crylamfde gel (fi9~re 2). The polypeptide products 

of the aac(3)IV gene correspond to apparent molecular we1ghts of 31,500 and 

33.000 d.ltons. and the polypeptides made by the ~ gene correspond to 

apparent molecular weights of 41.500 and 4Z.500. This nolecullr wefght 
estimate for the ,ph (IV) gene product agrees ~ith the estfmat10n (42.000 
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litu on TT Tilt .... T1 Err lehney 01 

,Iu\ .-plclll1n , .. tlng "" 

plu\ hnr""d~ e' O.-ug 'l.t~1 

C.11s ,,""" .k;, Jl'JG I .. plHU S.5 • 10' 1.9 • IO~ ).4 • 10·' 

Without rPTe; 1O"H IPn; 5.6 • 10' l.l • laS 5.1 • IO·S 

C.I h C,OodI no IPrG fn phte~ 6 .•• la' 1.1 I 104 S.II • 105 

with 1.,>\ IPTC lott tPIG In plotts 6.4 • 10' •. s • la' 1,0 • 10 ..... 

'.cltd, .. er. '7""" oY~rnl\lM I,. TT b.-at!, tel ... Ith or .. ll~O\Ol 1 .... IPHi, lhe" dlh,tt~ .nd 
plAhd Oft phtu wllh or .Ithout J .. I,r,. ,..t~s contAined t1 plus l.S ~~~'nt ''I'''' ljI,.n 
.ddod IPllO .. u pruenl .t I ..... _lell11,. .. n pr~unt 'l 100 .,'.1, ""d ~n""',cI .. I .u pr".nl 
• t ZOO .9'-'. 

·COfItrol e.1 h wlthoul p"~.ld .cqul.o SpOfttAnltOu\ h,grOollc In I ,n IIl.nu "nde .. lhou 
condilions At • f.oqutnCl of Ins tI,.~ I In 10'1 CO I h, 

daltons) based on molecular sieving {S~nterre. R.F., ".E. Allen. J.N. Hobbs, 

Jr., R.N. Rao and R.J. Schmidt. Manuscript 1n prep~ratIQn). khlch ImplIes 

that the enlyme exists tn a monomer1c state. The presence of doublets 

SU9gests that the polyp~ptide may be excreted into the p~rlplasmlc space, 
with the larger polypeptides corresponding to t~ ~l~cules still Inside th~ 

cell and retaining a signal polypeptide, and the smaller polypeptides 

corresponding to processed molecules Jacking the signal polypeptide. This 

Interpretation Is consistent ~lth the finding that the enz~atjc activitIes 
associated with Hmr and Arnr can be osmotically shocked from the cells 

(Rao, R.H •• H.E. Allen, J.N. Hobbs, Jr •• W.E. Alborn, Jr., H.A. Kirst, And 

J.W. Paschal. Antim'crobial Agents and Chemotherapy, in press} • 

DNA Sequence of the HY9r~ycln Resistance Gene. 
SInce It was known that the hygromycln resIstance gtne was contaIned 

wIthIn the second Sacf and 8911l Sft6s 0' pKCZZZ {fIgure l}. the prImary 
sequence of this region was determined. The sequencing strategy fs shown In 

figure 3, and the prlm~ry sequence Itself tn figure 4. One large open 
readIng fr~ was found, and the amino acid s~quence encoded within this 
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open readIng frdlre 1s ,150 shohfl In fIgure 4. Ho other open reilrllng fr/lme 

Is withIn 40 percent of the slle of this large open reading fr~me. which Is 

large enough to encode a polypeptide with a molecular weight of 38,236 
da\toos. This predicted \<eIght· Is about 10 percent lower than ttu~ value of 

about 42,000 daltons determined by gel electrophoresis for the hygromycin 

phosphotransferase polypeptide (figure 2]. The reason for the dlstrepancy 
Is not kno~, although it could be due to anomalous migration on 

50S-polyacrylamide gels or posttranslatlonal modification. 

There are several noteworthy features of the sequence reported In flgur~ 
4. first, the predicted site of Inltlat10n of translat10n Is preceded by a 

CCCGG sequence ending 9 bp before the ATG. This sequeoce and t~ spaclny 

are typIcal of ribosome bindIng sites In f. call (17). Another feature 'of 
the sequence 1s that there 1s il large open reddIng frarne In the opposite 

strand, bounded ~y stop codons at ~~ses 1348 and 14J fn fIgure S. HQ~ever, 

there are no ATG codons preceded by ribosome bindIng sItes In thfs readIng 

fr~e. The Significance af this open reading frame is not kno~n. 
The predicted ~ino acid sequence of the Hygromycin B pho~phatransferase 

polypeptide enCOded on the ~ gene was compared with that of the 

neomycin phosphotransferas~ polypeptides encoded on 1nS (19) and Tn90J 

(20). Ho obvlo~s slmllarltle~ were found, even In the regions where the 

resistance genes from TnS and Tn903 show extensive homology. This result Is 

not $urprlslng since neomycin and related compounds are not substrates for 

the hygromyc1n B phosphotransferase polypeptIde encoded on the ~ gene 

(Rao, R.H •• H.E. Allen, J.H. HobbS, Jr., W.E. Alborn, Jr., H.A. Kirst and 

J.W. Pasch~l. Antimicrobial Agents and Chemother~py. tn press}, 

fusing ~ hygromycln ! resistance gene ~ ~ I 
We constructed protein fusions in order to test the functionality of the 

open reading frame predicted to be responSible for hygromycin B resIstance. 

The putative hygromycln B reslstdnce gene was cut at the unique Hpht site 

which e~clses the ONA encodln9 the first three ~;no acids. After removing 
the J' overhang, the OHA was joined to the IInlno termInus of .. modified 

I-galactosidase gene carried on pUC8 (18). The resulting hybrid plasmid, 
outlined In figure 5, sub$tltutes 11 amino acids for the three removed fr~ 

the hygromycin resistance gene. 

This hybrid gene, present 11'1 pKC30J, Is active In E. co11 Ind the 

.ctlvlty 1s stImulated by addition of JPTG, a gratuitous inducer of the 

• -galactosldase promoter. As shawn 1n table lIr, cells cont.lnlng pKCJ07 

.re partially resistant to ZOO ~9fml hygromycin B. That is. when cell~ are 
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plated on plates containing hygromyc1n B, about 1 cell In 105 grew Into a 

visible colony. Since cells containing Intact hygromycln 8 resistance gene 

on pIT10S or p~C22Z gille I 100 percent efficiency of plating on hygromyctn B 

pl~tes. the hybrid construct seems less efflc1ent than the parental. The 

reduced efficiency could be due to lower specIfIc activity and/or reduced 
stability of the hybrid polypeptide. or other problems with transcription Or 

tnnshtion. 

The reduced plating efficiency on hygromycln B plates can be partially 

overcome by addition of IPTG, a gratuitous Inducer of tr4nscrlptlon 0' the 

.-galactosldase gene. As shown in table JtI. the efficiency of plating on 
hygromycln 8-containlng plates is increased 100 fold by tnclusion of IPTG. 

These results support our predictfon that the open readfng frame 
depicted 1n fl9ur~ 4 encodes the hygromycln B phosphotransferase 

polypeptide. It could also be argued.that the .-galactosidase gene 15 
simply provIding a transcrIptional Ictlv~tor. and that the correct open 

reading frame lle~ elstwhere downstream. Thfs Is not llk!ly beclu!e 
construction of hybrid hygromycln 8 res$stance genes that delete the S~ 
three amlna acId codons but shfft the readIng (r.~ do not confer ~fseance 

whereas sfmflar constructs that maintain the readIng frame do allow 

resistance (data not shown). 
It wa~ noted earlier that the hygromycln B pho$photransferlse 

polypeptide might be I secreted proteIn. sInce the actlYity can be 

o5mot1c.lly shoc~ed from the perlpl.sma and a dOuhlet Is observed on 

50S-polyacrylamide gels (see ffgure 2). rf this fs the case one would 

expect to find a signal sequence at the beginning of the predicted Imino 

acid sequence. The antictpated chaTacterl~ttcs of a signal sequence art 11 
& positively Charged region at the start of the signal sequence and 2) • 

regIon of hydrophobic amine acfd (21). The amino acId $eque~e sho"" 1n 

f1gure 5 meets the fIrst requfrement "(cely, sfnce the Initiating meth{ontne 

fs 'ollowed by twa 1151ne5. However. the following amino acid sequence is 

not as hydrophobic 15 that found In ather sign,l 'equence~ in 1. coli (21). 
It should be noted, however. that cells contaIning the hybrid hygromyc1n B 

resistance gene which baye had. the two lysine res'dues replaced by eleven 

other amIno acids do not Seem to have hygromyctn B phosphotransfer'se 

actlylty in their periplas_. No phosphotransferas! actfvlty can be detected 

in extracts made by osmotIcally shockjng the cells, but phosphotransferase 

activity can be detected tn cell lysates (data not Shown). Thus. the 

ability of the cells to secrete the polypeptIde into the perlpla$m may be 
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Abolished In the bybrtd genes. The relatIonShip. if 4n,. b~t~en secr~tiQn 

of the polypeptide &no conferral of hygromycin 8 re~i\tinte is not ~nown. 

The abilIty to form fusion polypeptIdes wIth the h'9romycln B 
phosphutransferase-prctcln h~s Important ImplIcations (or Its po~slbte use 

IS ) dominant selectable ~arke~ In heterologous systems. LigAtion of 
appropriate pro~ters and transl~tlonal Initiation sequences from other 
organisms In front of the hygromycln resIstance gene ~19ht allow the gene to 

be used A5 4 dominant selectabt~ ~&rker in that organism. or even to fsolatp. 

these activator sequenceS In the fIrst place. 
\, 
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ABSTRACT 

Cephalosporins are antibiotics characterized by a cephem ring 

system in ~hich a beta-lactam ring is fused to a dihydrothiazine 

ring. At industrial scale, cephalosporin C is produced by the 

fungus eeDhalosDorium acremonium, and cephamycin c, a 7-alpha

methoxy-cephalosporin, is produced by Nocard; a lactamdurans. 

These two cephalosporins and other beta-lactam compounds are 

modified chemically to form clinically important cephalosporins 

that effectively treat infections caused by many different 

bacteria. The utility of cephalosporins in clinical medicine is 

due, in part, to the relative resistance of the cephem ring 

system against hydrolysis by beta lactamases produced by many 

bacterial pathogens. The cephem ring system is synthesized in 

the conversion of penicillin N to deaceto~Jcephalosporin e (DAOe) 

by expansion of the five-membered thiazolidine ring of the 

penicillin to the six-membered dihydrothiazine ring. The enzyme 

that catalyzes this reaction, deacetoxycephalosporin c 

synthetase - often called expandase - has been purified from ~. 

acremonium. During purification DAOCS activity never separated 

from and remained in constant ratio to deacetylcephalosporin e 

(DAC) synthetase activity. Deacetylcephalosporin C synthetase 

(DACS) activity functions in the biosynthetic pathway to 

cephalosporin C and cephamycin by catalyzing hydroxylation of 
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DADC to form DAC. A partial amino acid sequence of the £;.. 

acremoniulU DAOCSjDACS protein has been obtained and this 

information used to clone a corresponding gene. The open reading 

frame observed upon sequencing this gene was expressed in t. 

and both DAOCS and DACS activities were found in extracts of 

these ~. col i cells I providing unambiguous proof of the 

bifunctional nature of the DAOCSjDACS polypeptide from ~. 

Some regions of the predicted amino acid sequence of 

the DAOCSjDACS protein were similar to regions in the predicted 

amino acid sequence of another key enzyme involved in the 

biosynthesis of penicillins and cephalosporins - isopenicillin N 

synthetase. The cloned DAOCSjDACS gene represents an important 

tool for enhancing production of k.."1own cephalosporins and for 

synthesis of novel cephalosporins. 
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TEXT 

The deacetoxycephalosporin e synthetase (DAOeS) I or expancase I 

enzyme occupies a central position in the biosynthesis of 

cephalosporin antibiotics. As shown in Figure I, the biosynthes 

of penicillins and cephalosporins (e.g. penicillin G by 

Penicillium and cephalosporin e by CeohalosDorium 

acremonium) occurs via the COIDl"Jon intermediate del ta- ( 

aminoadipyl)-L-cysteinyl-D-valine (LLD-A~/). Both organisms use 

a similar isopenicillin N synthetase enzyn-.e (1,2) to e 

LLD-ACV to isopenicillin N. After this reaction the pathways 

diverge. In E. I the alpha-aminoadipyl side chain can 

be exchanged for another acyl moiety (e. g. sUbstitution of 

phenyl acetyl moiety exchanged from phenylacetyl coenzyme A 

produces penicillin G) wl1ereas in ~. acrencnium the 

aminoadipyl side chain is epimerized to the D confi~~rat to 

produce penicillin N. Penicillin N is then used as a substrate 

for the deacetoxycephalosporin e synthetase (DAOeS) I which 

catalyzes the expansion of the 5-membered thiazolidine ring to 

the 6-membered dihydrothiazone ring characteristic of 

cephalosporins. The remaining biosynthetic steps in the pathway 

to cephalosporin C in ,Q. acremonium are modifications of the 

methyl group attached to the 6-rnembered ring (3'-position); first 

the methyl group is hydroxylated via the action of the 
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deacetylcephalosporin C synthetase (DACS) I then the hydroxyl 

group is acetylated to form cephalosporin C. 

The importance of the cephem ring system in clinical medicine 

created an interest in cloning the gene for DAOCS. A cloned f 

sequenced gene would provide useful structural information for 

understanding the catalytic mechanism of ring-expansion and 

structural studies would be aided by an abundant source of DAoes 

made available through high expression of the DAoes open reading 

frame in ~. coli. In addition, DAoes had been purified from ~. 

acremoni urn and was found ·to al so exhibit DAes acti vi ty (3). 

Cloning the gene(s) encoding these activities offered a 

aefinitive means of proving (or refuting) the existence of a 

bifunctional D~OCS/DACS polypeptide in ~. acremonium. 

The DAOes gene was cloned using probes based on amino acid 

sequence of fragments of the purified protein. Direct amino 

terminal sequencing of the protein was not possible because of 

negligible yields on the sequenator, presumably due to amino 

terminal blockage. Since the amino terminal blockage was 

observed with separate batches of purified protein prepared under 

·different conditions, it seems likely that the amino terminal 

blockage occurred in vivo (although we have not excluded the 
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possibility that the blockage Was an ar~ifac<: of the prot:ein 

pur if ica tion procedure). sequences of fragments from the 

polypeptide were obtained using several different proteolysis 

methods and the results are summarized in the Table. Included 

within the sequence inforwation for Fragment #1 was the sequence 

Trp-Gln-Asp-Tyr-Phe-Asp. The redundancy in the genetic code for 

this peptide is relatively low; 16 different 17-mer 

oligonucleotides account for all coding possibilities. Another 

sequence (amino acids 136 to 155 in the open reading frame of 

Figure 3, contained in Fragment #2) was used "to derive a single 

long probe ("guessmer") of 60 bases. Codon preference for this 

probe was assumed to be equivalent to that of the ~. acremonium 

isopenicillin N synthetase gene (1). The mixed probes and the 

"guessmer" probe were used separately to screen a cosmid bank of 

~. acremonium genomic DNA (1) and two cosmids were isolated which 

hybridized to both types of probes. A 7.2 kb BamHI fragment 

common to both cosmids which contained the region of 

hybridization was subcloned into pUC8 (5) to obtain pIT503, show~ 

in Figure 2. The region of hybridization was sequenced using a 

combination of dideoxy and chemical cleavage sequencing methods 

as described previously (1). A single open reading frame was 

discovered which, when translated, contained all of the amino 

acid sequences generated by direct amino acid sequencing of 

peptide fragments. This open reading frame, along with flanking 
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noncoding s is shown in Figure 3. Al:r;;ost half of the 

predicted amino acid sequence has been ve~i by direct amino 

acid sequencing of peptide fragments. 

The open reading frame shown in Figure 3 was expressed in ~. 

and both DAOCS and DACS activities were unambiguously identified 

in cnlde cell The first expression vector used was 

pITS07 , a derivative of pCZR336 (Figure 2). The relevant 

features of pCZR336 and pIT507 are a b.;o cistron translation

enhancing element (6) I the lambda pL promote'r, the lambda cIas7 

temperature sensitive repressor of the pL promoter and a modified 

tetracycline resistance gene from pBR322 (7). Cells containing 

'pIT507 were grown under conditio~s where the open reading frame 

from pITS03 should be expressed. Cru~e cell extracts were tested 

for DAOCS and DACS activities using an HPLC assay (3). 

Penicillin N was clearly shown to be ~onverted to 

deacetoxycephalosporin C and then to deacetylcephalosporin C in 

the presence of the purified protein from ~. coli. In addition, 

deacetoxycephalosporin C could be directly converted to 

deacetylcephalosporin C under similar conditions (see Figure 1 

for details of the pathway to cephalosporin C), proving that both 

DAOCS and DACS activities are encoded by the insert in pITS07. 

Since the insert in pITS07 contains about 1.2 kb of DNA 

downstream of the open reading frame shown in Figure 3 1 it was 
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still possible that one of the two activities was encoded by t~is 

extra DNA. The 3 1 noncoding DNA was therefore shortened to abo~t 

120 bp in the expression vector pITS11 (Fi~~re 2). Once again 

both DAOCS and DACS activities were clearly observed in cell 

extracts of ~. col i cells containing pITSll, further 

substantiating the assignment of both activities to the single 

open reading frane. It is interesting to note that in all cases 

the ~. derived DAoes and DACS activities were found in a 9:1 

ratio, which is about the same ratio observed for the DAOCS/DACS 

obtained fro~ C. acremonium (3). 

The DAOCSjDACS polypeptide accumulated to about 15% of total 1 

protein under appropriate conditions (Figure ().~. cells 

~xpressing high levels of the DAOCSjDAC contained granules 

(inclusion bodies) when observed under phase contrast. It remains 

to be determined whether these granules are composed principally 

of DAOCSjDACS polypeptide. t. coli-derived DAOCSjDACS was 

purif ied to near homogeneity using a procedure described 

previously for the native protein (3). No attempt ~as made to 

solubilize granular DAOCSjDACS polypeptide during this 

purification procedure I and the purified material may therefore 

represent a small fraction of total DAOCSjDACS protein. The 

DAOCSjDACS enzymatic activities from~. coli were lost gradually 

during the course of the purification, even under conditions 
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which stabilize the native enzyme. Ho·,.reve:- I the pu:-i::ie::' 

polypeptide from £2. coli was indistinguishable from the native 

enzyme when examined by SOs-polyacrylamide gel electrophoresis or 

by tryptic cleavage patterns (data not shown). 

Some regions of the predicted amino acid sequence of the 

DAOCSjDACS gene show intriguing similarities with those of the f. 

acremonium isopenicillin N synthetase gene. The predicted amino 

acid sequences of the two proteins were optimally aligned using 

the lnethod of Needleman and Wunsch (a). Al though the overall 

homology was only slightly greater than 11%, certain areas showed 

higher homologies. In particular I a ten amino acid region 

containing.the cysteine residue at position 100 of the DAOCS/DACS 

was 50% homologous to the. corresponding region containing the 

cysteine residue at position 106 of the isopenici11in N 

synthetase. The relevant sequences around these cysteine 

residues, with identities capitalized, are: 

DAOCS/DACS: 

IPNS: 

GLY-LYS-tyr-ser-asp-tyr-SER-thr-CYS-TYR 

GLY-LYS-lys-ala-val-glu-SER-phe-CYS-TYR 

This region is of particular interest because we have previously 

shown that Cysl06 of the isopenicil1in N synthetase is important 

for substrate binding since replacement of the cysteine with a 
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serine caused a 5 fold increase in the Kw 0: the enzyme for 

substrate and a 20 fold reduction in the sgeciric activity (9). 

Perhaps CyslOO of the DAOCS/DACS is also involved in substrate 

binding, either directly or indirectly. This hypothesis can be 

tested by site-directed mutagenesis of the CyslOO codon of the 

DAOCS/DACS gene. 

The bi::unctional nature of the DAOCS/DACS polypeptide and the 

cofactor/substrate requirements shared by DAOCS and DACS (Fe+ 2 , 

alpha-ketoglutarate, and dioxygen) raise a question as to whether 

a single site or two active sites are responsible for the ~. 

acremonium DAoes and DACS activities. Prokaryotic organisms such 

as Streptomyces clavuliaerus and Streotomyces 'liomanii also 

synthesize cephalosporins and contain DAOCS and DACS activities. 

However, in contrast with the £. acremonium 2.ctivities, the ~. 

clavulicrerus DAOCS and DACS activities are readily separable, 

strongly suggesting that the acti vi ties are determined by 

separate polypeptides, and thus separate active sites, in this 

prokaryote. The £;. acrernoniurn DAOCS/DACS polypeptide may have 

evolved by fusion of contiguous, separate genes coding for DAOCS 

and DACS and separate domains within the protein-coding region of 

the ~. acremonium DAOCS/DACS gene may be discernible by creating 

a functional map of the gene via in vitro mutagenesis 

experiments. There are several examples where biosynthetic genes 
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are separate in one organisr.:: but fus in aD.other (:'::). ,-

separate DAOeS and DACS genes account for the separable DAOCS and 

DACS activities in strentomvces clavuliaerus, comparison of the 

protein coding regions of thos~ two genes to the protein coding 

region of £. acremonium DAOCS/DACS gene should be helpful in 

identifying the two fUnctional do~ains within the ~. acremonium 

gene. At present, however, one cannot unambiguously rule out the 

possibili ty that separabl e DAOCS and DACS activities in .§. 

clavulic:rerus result from post-translational modification of a 

single polypeptide. 

The concept that the g. acremonium DAOCSjDACS polypeptide evolved 

iram two separate contiguous prokaryotic DAOCS and DACS genes is 

consistent with a previous proposal that cephalo:;.porin 

biosynthesis evolved :first in prokaryotic organisms and that 

truncated forms of more complex prokaryotic pathways subsequently 

spread to eukaryotes (2).- The reactions leading to cephalosporin 

C in ~. acremonium may be thought of as a subset of the reactions 

leading to cepharoycin C (7-alpha-methoxycephalosporin C) in §.. 

clavuligerus. The pathway to penicillin G in ~. chrysocenum can 

be thought of as a further truncation of a cephalosporin pathway 

(truncated after formation of isopenicillin N) followed by 

evolution of a side reaction allowing exchange of the L-alpha

aminoadipyl side chain of isopenicillin N with the phenylacetyl 
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moiety of phenylacetylCoA. If evolution occur~ed in t~is man~e=, 

eukaryotes would be expected to modify the genes acqui::-ed f=c~ 

prokaryotes to facilitate expression, since eukaryotic and 

prokaryotic transcriptional and translational activation 

sequences differ. For example, if the DAoes and DACS activities 

in the prokaryotic species were expressed from a polycistron, the 

eukaryotic species would have been ill-equipped to directly 

express the prokaryotic genes because of the absence of 

polycistronic messages in eukaryotes. One solution would be to 

fuse the genes so that one polypeptide would contain both 

activities. In vivo fusion of genes leading to production of a 

single polypeptide has been observed in other systems (for 

example, fusion of the hisD and hisc genes of Salmonella 

typhirnuriurn (11)) It will be 0 f· interest to determine if 

separate, contiguous genes for DAOCS and DACS occur in ~. 

clavuligerus and to compare the protein coding regions for the 

DAOCS and DACS genes from ~. clavulicrerus to that reported here 

for the ~. acremonium DAOCSjDACS polypeptide. 
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Table. Amino acid sequences of fragments of the DAOCS/DACS 

polypeptide. 

Fragment 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

Corresponding Sequence 

in Fiaure 3 

114-125 

126-155 

136-157 

281-287 

65-71 

173-180 

81-105 

120-127 

256-262 

103-125 

306-313 

5-14 

223-242 

234-256 

Type of cleavage 

Tryptic 

eNBr 

Tryptic 

Tryptic 

Tryptic (mass spec) 

Tryptic (mass spec) 

Spontaneous degrad. 

Trp o:.cidation 

Lys C 

C}iEr 

CNBr _ 

Lys C 

CNSr 

Spontaneous degrad. 

DAOCSjDACS protein used for these e:.cperiments was purified as 

described previously (3). Trypsin cleavage and isolation of the 

peptides was carried out as described (13). The tryptic peptides 

were sequenced using a Becklnan 8900 spinning Cup Sequencer. 

Fragments 5 and 6 were isolated as an equimolar mixture and 
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required the aid of fast atom bombardment mass spectromet=y and 

tandem mass spectrometry (14) to determine their sequences. 

Cyanogen bromide cleavage (15), tryptophan oxidative cleavage 

(16) and lys C cleavage (17) were also us to obtain fragments 

of the protein for sequencing. Direct sequencing of the intact 

polypeptide did not produce significant yields, indicating amino 

terminal blockage, but two different s es were obtained 

directly from purified protein (fragments 7 and 14). Since these 

sequences matched predicted sequences from the DNA sequence 

(Figure 3) I these sequences evidently arose from spontaneous 

degradation products of the DAOCS/DACS polypeptide. Intentional 

Cleavage products were pUrified by reverse phase HPLC or size 

fractionation chromatography. The sequence of the peptides was 

determined as described previously (1). 
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Figure 1. Biosynthetic pathways to cephalospc~~n Cane 

G in Q. acremonium and R. 
designation stands for 

==-<...;:;;..;;=:..===, respectively. The ~ g2!1e 

icillin/s;.ephalosporin £iosynthesis. 

The DAOCS/DACS gene reported encoded by the pcbEF gene of 

C. acremonium. are for proposed LLD-ACV 

biosynthetic genes. 

Figure 2. Relationships of used to clone and express the 

DAoeS/DACS gene. The thick solid lines refer to s;.. acremonim71 

DNA; the thin solid lines refer to vector DNA; the open boxes 

refer to relevant genes or controlling elements. Abbreviations 

used for these genes include DAoes for the DAOCS/DACS gene from 

.Q. acremonium, AMP and TET ent the beta lactamase and 

tetracycline. resistance genes l respectively I from pBR322 (18), 

lambda pL represents the leftward promoter from bacteriophage 

lambda, cI857 represents a temperature sensitive mutant of the cI 

repressor from bacteriophage lambda, and HGH represents the human 

growth hormone gene. pIT503 was constructed by cloning the 

approximately 7.2 kb Barn..HI restriction fragment which contained 

the DAOCS/DACS gene from the original cosmid isolate (pIT501, 

not shown) into pUC8 (5). The gene was expressec. in E. col i 

using a derivative of peZR336 1 a vector designed to express human 

growth hormone in li. coli (7). This plasmid contains the lambda 

pL transcriptional activator sequence followed by a two cis~ron 
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translational enhancer sequence (6) f t~e cIa 57 

growth hormone gene and a modified forra of 

t~e huna::. 

'Cracyc::'ine 

resistance gene froo pBR322. In order to facil ita te the 

expression constructions, the amino te~ir.al coding region of the 

DAOCS/DACS open reading was reconstruct 

synthetic linker. This linker extended to the 

through Use of a 

site encoding 

amino acids 21 and 22 of the open reading f~awe, and c~ntained 

three changes relative to the wild type sequence: 1) an Ncel site 

(5 1 -CATATG) was incorporated at the trans1at initiation site, 

2) the C residue at the third position of codon 5 was changed to 

a T, and 3) the C at the third position of codon 10 was changed 

to an A, thereby creating an XbaI restriction site. This linker 

was ligated to a SstI I fragment from pIT50J (containing the 

DAOCS/DACS gene) and replaced .the hUInan growth hormone gene in 

pCZR336 1 creating the sion vector pIT507. Plasmid pITS1l 

was constructed by del ing 1.2 kb of J I -noncoding infonDation 

from pITS07. pIT507 was cut with- Xbal (120 bp downstream of 

DAOCSjDACS translational stop site) ar.d BaaQI, the ends were made 

blunt with the large fragment of ~. coli DNA polymerase I, and 

the. blunt ends were ligated together. This operation 

reconstructed the BamHI site but destroyed the XbaI site. 

Figure 3. Sequence of the DAOCSjDACS open reading frame and 

flanking regions. 
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Figure 4. ression of the DAOCS/Dr.CS polypeptide in -'. 

E. coli K12 strain JMI09 cellS (19) were transfo~ed ;::507 

or pIT511 (Figure 2) and grown at 30°C overnight in TY broth 

containing 10 micrograms/ml tetracycline. The cells were luted. 

ten fold into fresh broth and grown at 300 e for 1.5 Then. 

the teI:lpe:r-ature was increased to 42 0 C and growth was 

for 6.5 hours with vigorous shaking. The cells were collected by 

centri!ugation and resuspended in 0.1 M Tris-HCI, pH6.8 1 5% 

sodium dodecyl sulfate, 25% glycerol, 1 M beta-mercaptoethanol, 

.005% bromphenol blue and 7 M urea. Samples were heated at 100 0 e 

for 5 minutes, and electrophoresed into a denaturing 12.5% 

acrylamide gel. Lanes 1 and 2: JMI09 cells containing the human 

growth hormone expression vector pCZR336, incubated at 30 degrees 

C (lane 1) or induced at 42 degrees C (lane 2);· Lanes 3 and 4: 

JMI09 cells containing pITSll, gro~~ at 30 degrees C (lane 3) or 

induced at 42 s C (Lane 4); Lane 5, purified £. 
DAOCSjDACS polypeptide; Lanes 6 and 7: JM109 cells containing 

pIT507 grown at 30 degrees C (lane 7) or induced at 42 c 

(lane 6); Lane 8: JMI09 cells without any plasmid, grown at 37 

degrees C. 
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Transforming DNA Is present in the high molecular weight DNA of 
hygromycin B resistant C. acremonium transformant lU4-79-S. Total DNA 
was extracted from LU4-79-6 and from the hygromycin B sensitive untransformed 
parent strain, 394-4. These DNAs and control DNAs (lamda DNA digested with .I::li.o..Q11I 
and plasmid pMLC12) were each subjected to agarose gel electrophoresis. Agarose 
gels containing separated DNAs were analyzed by Southern hybridization with 
pMLC12 as the radioactive probe. The position corresponding to chromosomal DNA 
[detected by ehidium staining prior to Southern procedure] is marked ("chr"). pMLC12 
contains no C. acremonium DNA but elements of pMLC12 are present in pPS56. 
Plasmid pPS56 was used to transform strain 394-4 to obtain strain LU4-79-6. 
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17. Recombinant DNA studies in Cephalosporium acremoniun1 

J.L. Chapman*, P.L. Skatrud, T.D. Ingolia, S.M. Samson, K.R. Kaster and S.W. Queener** 

Eli [illy and Company. Indianapolis. IN 4628J. U.S.A. 

The fungus Cephalosporium acremonium has 
been used for many ye:lrS to produce the p-Iactam 
antibiotic cephalosporin C, which is chemically 
modified to produce a number of clinically impor~ 
tant parenteral cephalosporin antibiotics [6]. Until 
recently, all genetic manipulations perfonned on in
dustrial strains of C. acremonium have been c1assi· 
calor random in nature, including mutation/screen
ing and mutation/selection programs [16] and pro· 
toplast fusion, perfonned mostly for the purpose of 
improving cephalosporin C yield [5]. Another ap
proach to strain improvement would require the 
application of recombinant DNA technology to C. 
acremonium. Recombinant techniques could be 
used to construct strains with multiple copies of 
antibiotic biosynthetic genes. Here we review the 
development of a system for the genetic transfor
mation of C. ocremonium [14J and the first cloning 
of a biosynthetic gene in the cephalosporin C path
way [18J. We also review the construction of vectors 
that contain the IPS gene and a hybrid gene that 
employs the IPS promoter, and transfonnation of 
C. acremonium with those vectors (Skatrud et al., 
manuscript in preparation). 

To apply recombinant DNA methods to C. 
acremonium, we first constructed the plasmid 
pIT22 I (Fig. l). The following genetic elements 
were included in this construction to make it a use-

• Speaker at the Annual Mecling . 
•• To whom corresponden~ should be addressed. 

ful vector for cloning DNA into C. oeremonium: 
(i) a 2.8 kilobase (kb) PsrJ-EcoR I fragment that 

contains the origin of replication and ampicillin re
sistance gene from pBR322 to allow transformation 
and selection in Escherichia coli, 

piT 221 

SoI/X,hO 

Eco RI 

Sile e5timote 01 

pIT 22t .8.08 kb 

HindID 

Hind ill 

Him:: [J 

Fig. I. Restriction map or plasmid Vec10r pIT22L See tu.t (or 

die description or genetic elements and cloning sices in this plas
mid. DistanCC$ (in base pairs) between res,triction siles are indio 
cated by number adjacent to die circle. The: unique SphI site, 
position indicated by dotted line, is approximately 90 bp from 
the SalJ site and approximately 175 bp from the BcmHI in Ihe 
275 bp Sal1-BamHI-ddined sequence immediately before the: 
PO K promotor. 
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(ii) a 1.9 kb PSI [ fragment of mitochondrial 
DNA that contains an autonomous replication se· 
quence (ars) from C. acremonium to increase the 
transformation frequency in C. acremonium. This 
fragment was isolated in our laboratory and was 
confirmed as an ars in Saccharomyces cerevisiae by 
inser~ing the mitochondrial fragment into YIpS, a 
yeast integrative plasmid. The resulting plasmid, 
pPS I, replicates autonomously in S. cerevisiae 122]. 
Thus, by definition [24], the fragment is an ars. Tud
zynski and Esser [25} had suggested that a similar 
1.9 kb Pstl fragment of C. acremonium mitochon
drial DNA (isolated from a different strain) might 
contain a C. acremonium origin of replication. 

(iii) a hybrid gene, known to be dominant and 
selectable in yeast [8] that was constructed by splic. 
ing a promotor from the 5' end of the yeast phos
phoglycerate kinase (PGK) gene in correct trans
lational phase to the protein·coding region of a hy
gromycin B phosphotransferase (HPT) gene isolat
ed from a natural plasmid pKC203 found in E. coli 
W677(JR225) P 7]. HPT phosphorylates the broad
spectrum aminocyclitol antibiotic hygromycin B 
[17]. Hygromycin B is toxic to C. acremonium at 
levels as low as 10 p.g per ml, in the absence of di
valent cation antagonists, whereas the phosphory-
1ated product is not toxic to C. acremonium at Con
centrations as high as I mg/ml [14]. At the time of 
the construction of pIT221, there was no cloned C. 
acremonillm gene promoter available. 

(iv) two non-essential, non-functional fragments 
of bacterial DNA that contain a SphI site suitable 
for introducing cloned DNA and a 275 bp SmaI 
fragment that can be replaced by cloned DNA. 
DNA has been introduced by insertion'at the SphI 
site and by replacement of the SmaI fragment with
out loss of the ability of the plasmid to transfonn 
E. coli (selection for ampicillin resistance) and with
out loss of the ability of the plasmid to transform 
S. cerevisiae and C. acremonillm (selections for hy
gromycin B resistance). 

Before attempting to transform C. acremonillm, 
we tested the biological activities of the C. acre-
monium ars sequence and the hybrid HPT gene in
plT221 by transforming S. cerevisiae with pIT22L 
The recipient yeast strain used was DBY746, which 

• 

. h . B " (H B'" . " IS ygromycm senSItIve gm ) a:Hl cont:lms no ;' 
pBRJ22-hybridizing DNA sequences. Isoiatlon o( 
hygromycin B resistant (HgmB') yeast ~ransform
ants such as pIT22I·YT suggested that the trans
forming plasmid carried a functional HPT gene. 
Southern hybridization of uncut DNA from the 
yeast transformant, pIT221-YT, and the untrans-
formed recipient strain using pBR32::! as a probe 
dearly showed the presence of covalently closed cir-
cular and open circle forms of pIT221 in the rrans-
formant and confirmed the expected absence of 
pBR322 sequences in DNA of the untransforrned 
recipient strain. HgmB' segregants were observed 
to arise spontaneously at high rrequency from the 
transformant, pIT22 [. YT, as expected from the 
Joss of the autonomously replicating pIT221 plas-
mid by segrega tion. 

Having confirmed the biological activities of the 
vector in yeast, we systematicully examined various 
parameters to discover conditions that would allow 
pIT22 [ to transfor.n C. acremonium. The following 
conditions allowed transformation: cells growing 
exponentially in an enriched minimal medium were: 
harvested, washed and treated with dithiothreitol. 
Cell walls were removed by exposure to p.glucu
ronidase in 0.8 M NaCi and 0.02 M MgSO". Spher
oplasts product:d were washed, suspended in 0.8 M 
NaCl, and then exposed to vector DNA, e.g., plas
mid pIT21 I , as outlined in Table J. Following the 

Table I 

Condilions ror tran$formation: exposure: or DNA 10 C. our· 
morriu17I sphcroplaslS 

A. Reaction muture: 
I. 2-3. 10' spheroplast.!! in 1.0 ml or 0.8 M NaC!. 
2. Add 0.005 ml freshly distilled dimethylsulfoxide. 
), Add CaC!l 10 concentration or 80 mM. 
4, Add 20 PI!: ... «tor DNA (e.g., pIT22I). 
S. Add poly(ethylene glycol) (4000 Baker: 20% w/v in SO 

mM solution of CaC!l) to volume or 10 ml. 

B. Incubation: 
1. Time - 10 min. 
2. Temperature - 25'C. 
). Harvest: a=ntrifugc and re.'luspend in 3.0 ml of 0.8 M 

)\IaCl. 
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!I.' transformation procedure, aliquots 0; washed 
;:'~..'.: spheroplasts resuspended in 0.8 M NaCI were plat-

.;. cd on trypticase-soy agar osmotically stabilized 
y,.ith 10.3% sucrose. Spheroplasts were then incu
bated at IYC ror 24 h to allow cell wall regener
ation. A 4 mt overlay containing sufficient hygro
mycin B to give a plate concentration of 100 Jig/m! 
was added. Plates were then incubated at 2S'C to 
allow HgmB' transformants to form visible colon
ies. 

HgmB' colonies obtained at [ow frequency using 
these conditions were analyzed in plating experi
ments for their ability to survive upon subculture 
to rresh selective medium, and for their level of re
sistance to HgmB. Only colonies which could be 
subcultured to fresh selective medium were scored 
as transform ants. In 14 experiments using these 
conditions, a total of 147 HgmB', pIT221.C. acre-
monium transformants, with various levels of re
sistance to HgmB. were isolated. In all experiments, 
parallel transformation controls were run in which 
the vector was omitted from the transforming mix
ture; no colonies were observed on these plates. 
Thus, HgmB selection killed all untransformed 
cells. 
. To demonstrate the association of the hygro
myein B resistance phenotype with transforming 
DNA, three C. acremonium colonies exhibiting var
ious levels of resistance to HgrnB were selected for 
DNA analysis. Total DNA from each of the three 
transformants was isolated by grinding mycelium 
manually under liquid nitrogen [10]. and each sam
ple of total undigested DNA was analyzed by the 
Southern hybridization procedure [23] using .uP·la_ 
beled pBR322 DNA as probe. Each analysis 
demonstrated the presence of pBR322 sequences in 
the region of the gel corresponding to the location 
or high molecuJar weight C. Qcremonium DNA, and 
DO hybridization was noted in the region of the gel 

. that would correspond to either covalently closed 
.. or Open circle forms of pIT221 (Fig. 2). These re

SUIts' d' t~ lea ted that transformation occurred by in-
Iqratlon or the transforming DNA into high mo-
'letula . h r wClg t C, acremonium DNA, As expected,_ 

h b'd' . Y n Ization was observed to DNA from the 
armed recipient strain, A Tee I [550. 
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Fig. 2. plT221 DNA is present a.s rush-molecular-weight DNA 
in the lolal DNA (rom HgmB' pl"f.221·C. Qcr~mo"jlJnI transfor
manl Tl. Total DNA was extracted from Tl and from the un
transformed HgmS' C. tlcrftmOllium recipient strain, ATCC 
11550. DNA molecules in each extract were :separated by aga· 
rose get electrophoresis and probed [231 with uP·labe!ed 
pBR322. As a positive control, total DNA was extracted from 
Ii yeast transformanl. YRp1.DBY746, known 10 carry a freely 
Rplicaling plasmid (YRp1) composed, in part. of pBRJ12 se· 
quence3. As a negative control, Iota I DNA WI$ extracted from 
the untransformed recipient yeasl lImn, DBY746, which is 
known not 10 contain any DNA (rom pBR322. Source of DNA 
(3 pg, each lane) is as follQW$: lanes 1,4 and 9, lambda (DNA 
applied after digestiQn wilh EcoRI and BamHl); lane 2, 
YRp7-DBY146; lane 3, DBY746; lanes Sand 6, HgmB' 
pm21-C. acremOlfium lransformant Tl; lanes 1 and 8, HgmB' 
C. Qcr~mOl1ilU'n recipient strain, ATCC 11 S5G. Specific activily 
or 3lP-labeled pBR)22 is 3.9 . 10· cpm{pg. 

To characterize further the nature or the trans
fonnants. total DNA from the representative trans
formants was digested to completion with a variety 
of restriction enzymes that cut pIT22 I either once 
or twice. Southern hybridization analysis using 
UP-labeled pBR322 as a probe demonstrated mul
tiple hybridization bands. This suggested several in
tegrations of DNA from the vector were present in 
the C. Qcrtmonium DNA. For example, when total 
DNA from transformant Tl was cut with KpnI, 
which does not cut pIT221, two hybridization 
bands were observed, when a single insertion of 
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pIT221 DNA would have produced only I band. 
One of the two KpnI fragments that hybridized to 
J2P-pBR322 had a size of approximately 10 kb, 
consistent with Kpn! sites in C. acremonium DNA 
just outside a single insert of pIT22!. The second 
of the two Kpnl fragments that hybridized to up_ 
pBR322 was not resolved from high molecular 
weight DNA and was mOre intense than the smaller 
band, suggesting a very large fragment containing 
more than one insert of pIT22 I. When the total 
DNA from the same transformant was cut with 
Sad, which cuts pIT221 twice, eight bands of hy
bridiz.ation were observed. These results suggest as 
many as four separate integrations of pIT221 DNA 
are present in the Tl transformant. 

To insure that transformant Tl was a pure iso
late, a single spore of TI was isolated by micro
manipulation. The isolated spore was cultured, and 
total DNA was isolated. Samples or total DNA di
gested completely with either KpnI or Sac! were 
analyzed by Southern hybridization as before. The 
bands of DNA that hybridized to .uP-labeled 
pBR322 appeared identical to those observed in the 
ex.periment \\ith the original TI colony. As before, 
no hybridization to DNA from the un transformed 
recipient strain A TCC 11 550 was observed. 

Next, hybridization experiments were carried 
out to confirm the presence of an HPT gene derived 
from pIT221 in the DNA of HgmB' C. acremonium 
transformants. Plasmid pJCIO [14J contains the 
natural HPT gene used to construct the hybrid HPT 
gene in pIT221; natural plasmid pKC203 fl7] is the 
original source of the open-reading frame used to 
construct the hybrid HPT gene in pIT22l. pJC10 
was formed by circularizing the largest of the three 
BgllI fragments that comprise plasmid pKC203. 
31P-labeled pJC10 did not hybridize to either 
pBR322 or total DNA from the un transformed 
wild type C. acremonium strain, ATCC 1 J 550. 
When used as a probe against restriction digests of 
pIT221, llP-labeled pJC]O DNA hybridized only 
to fragments containing DNA comprising the pro
tein-<:oding region of the hybrid HPT gene. Analy
sis of the structure of hybridizing and non-hybrid_
izing fragments showed that the protein-<:oding re
gion of the hybrid HPT gene was the sole basis for 

tht: hybridization of plCIO to prp21 (Fig. J). 
Thus, plC to served as a specific and convenient 
probe for detecting a pIT221-derived HPT gene in 
the total DNA of each Hgm B' C. acremoniul1I 
transformant. Used in this way, plasmid pJCIO 
would detect the presence of DNA derived origi
nally from the open.reading frame of the H PT gene 
of pKC203. When total DNA from the T 1 trans
formant was probed with 3lP-[abeled plClO, hy
bridization to the high molecular weight DNA of 
the transformant was observed. 

For additional confirmation of transformation, 
a cell·free extract ofTI was assayed for the presence 
of the HPT enzyme. In the assay, HPT catalyzes 
the transfer of a [12P]PO ... moiety from [r·n P]ATP 
to form hygromycin B-[HPJP04-. HgmB.PO ... binds 
to a phosphocellulose disc, but, under the condi
tions employed, HgmB and ATP do not. Radio
activity remaining on the phosphocellulose disc 
after washing is counted. HPT activity was present 
in the extract of transform ant T I; the activity in
creased linearly with extract concentration, and the 
activity was lost upon boiling the cell-free extract 
(Fig. 4). HPT activity was absent in the extract from 
the untransformed C. acremonium recipient ATCC 
11550: the amount of phosphocellulose-bound 12 P 
observed in assays of this extract was equivalent to 
the small amount of phosphocellulose-bound l2p 

observed when reaction mixtures contained extract 
of transformant Tl but no substrate (Fig. 5). Rao 
et a1. [17J previously demonstrated that extracts of 
£. coli K·l2 bearing the natural HPT gene efficient
ly phosphorylated hygromycin B but did not phos
phorylate the aminocyclitol antibiotic G418. There
fore, G4l8 was tested as a substrate for HPT in the 
extract from the C. acremonium transformant Tl. 
The extract from the C. acremonium transformant 
Tl did not catalyze phosphorylation of G418 (Fig. 
5). 

To characterize further the nature of the trans
formants, the stability of the HgmB' phenotype in 
several representative transformants was tested. In
tegration of the transforming DNA into the gen
ome ora cell would be expected to produce a stable 
lransformant that would retain a HgmB' phenotype 
even after passage on non-selective medium. This 
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Fig. 3. Th~ HPT DNA sequence in p1T221 is the basis of hybridization of "P·lalxlcd pJCIO. Total C. acrtmoll;um DNA, pB RJ22 

DNA. and plTnl DNA wer~ prolxd [23] with "P·pJCI0. Hybridization occurred only with p1T221. Four pIT221 D:-':A samples "'ere 

then digest~d separately with Pst!, BamHI, EcoRl, and HindU!. The DNA rragments in each digest wer~ separated by aguo\<! gel 

electrophoresis. The separated DNA fragments were idenlifi~d by staining with ethidiuIT! bromide and were 5ubsequently probed with 
l'P·pJCIO. Seven fragments from these di8~~ts did not hybridize to th~ llP·pJClO (~ee panel A), lind six fragments did hybridize \0 the 

J'P'pJCIO (see pane! B). The rr~gm~nts that did not hybridize comprised all of the non-HPT DNA sequenc~ plus a smail regioll 
derived from pBR322. Henc~ all the non·HPT ONA did not hav~ the capacity to hybridiz~ to the prolx. Th~ only DNA common to 

all ~i~ fragments that hybridized to llP·plC10 comprised the HPT DNA sequence and the same small region derived from pB RJ22. 

Thus. the basis ofhybridiz.ation of "P·plC 10 to plT221 is the H PT sequence which exists in the known structures of p!T22l and pJClO. 

Abbreviations: E, EcoRI; M. Smal; B, BamHI; Y, PvulJ; H, HiIldlJl; G, Bgm; C. HindI; B/G·1, BamHI·BgnI junction . 

stability was, in fact, observed. For example, trans
[onnant T1 was grown on non-selective agar for 25 
generations; the resulting population of cells was 
diluted, and approximately 25-100 cells were 
spread onto two different agar media. The base in· 
gredients in each medium were identical, but one 

medium contained a supplement of 100 ~g/ml 

HgmB. Within experimental error, the number of 
colonies (21 and 101 in two separate experiments) 
that arose on the selective medium was equivalent 
to the number (21 and 106 in two separate experi
ments) that arose on the non-selectiVe medium. Re
cipient strain A Tee 11550 was also grown on non
selective agar for 25 generations, and the resulting 

population of cells wen: analyzed on the two dif· 
ferent agar media; no colonies of strain ATCC 
1 t 550 were observed on the selective medium seed
ed with approximately 4 . 105 cells of that strain. 
A total of 418 colonies were observed on a plate of 
non-selective agar medium seeded with ca. 4 . ]0: 

cells. 
The high stability of HgmB' phenotype of trans

formant Tl was also observed following growth in 
a non-selective liquid medium. Tl was used as seed 
in a standard cephalosporin e fermentation [16J 
employing complex medium. At the end of the fer
mentation, aliquots of harvested cells were again 
plated on medium with and without HgmB. Again, 
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Fig. 4. Hygromycin phospholral1$r~rase (HP1) activity is pres

ent in e~!racI5 of C. acr~mol!ilim lransformant T 1 and the activ
ity it $Cnsitive to heal and is linear ",ilk the amount Qr utn.ct 
.dded to the a.$say ruclion mixture. Preparation of c:xtracts was 
a$ follow5: 96 h cells from complex, CF-5 medium r17] were 
washed twice with 10 mM Tris (PH 8.0) and w3sht'd cells were 
resuspended ill same buffer supplemented with 0.5 mM MgCh 
and 0.1 mM dilhiothrcitol (DTT). Resuspended cells ~re bro· 

ken by one passage through a Frtrn::h Prc:.ssurt Cdl (I inch pis
ton, 20000 Ib{in% 4·C). The ruplurcd-ccll mi!".ture was centri

fuged twice (Sorvalt RC·SB: SS34 rotOr, 16000 rpm, 30 min, 4'C 

and Bedman LJ·50: IYpe 675 rotor, .50000 rpm, 2 h, 4·C). The 
assay for HPT activity was that de~ribed by Rao «:t al. [I 7]: 
HPT catalyzes the transrcr of a [HPJPO ... moiety from [y
l'PIATP lo hY8Tomycin S to form hygrornycin B·plP]-phos
phate. Hygromycin B-phosphate binds to a phosphocclluJose 

disc. but hygromycin Band ATP do not under the conditions 
employed. Radioac[ivity remaining on a phospho<;c:llulose disc 

after washing is counted. VarioU5 amOunu of unlreatt'd (.) or 

boiled (0) cell-free extract protein (l0. 20, 3D, 40, 50 j.l8) wert 

added [0 the assay fe:lction mixtuct' to start the reaction. The 

reaction. is slopped after 15 min by heating " 1!~9{)'C fot 5 min. 

within experimental error, the number of colonies 
that arose on selective medium was equivalent to 
the number that arOse on non-selective medium. An 
aliq uo t of ce Ils obtained from a parallel contro ( fer
mentation seeded with the untransfonned ATCC 

] 1550 recipient did not produce colonies when plat
ed on medium containing HgmB, but an identical 
aliquot plated on medium without HgmB produced -
a confluent lawn of growth. 

G418 
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Fig. 5. HYllromycin phQsphotransferas<: (HPn is present in ~;I:' 

tracts of C. acumonium transformanl Tl. and the enzyme call

not l!lilizl: Ihe aminocyclitol antibiotic. GO: I 8. as a substrate; 
there is no HPT activity in exiraCl5 of unlrans[ormed C. acre· 
moniWtI rl:Cipient strain AiCC l1S:>0. Each reaction contained 

the following base ingredients: 40 fig o( ccll-e~lra.cl prolein,11' 
J1PlA TP (2 mM wilh respect to ATP, and lpc;:itic a.ctivity of 10 
flCi/rnmol). 13 mM Tris (PH 8.0). 8 mM MgCI1• 80 mM NH.Cl. 
2 mM DTT. Complete reaction mixtures used to compare the 

amount of HPT aClivity in the two c;t;tfllcts contained 4 mM 
hygromycin B in addillon 10 the base ingredients indicated 

above. Reaction mixtures used to test the submalt specificity of 

the HPT in extracts contained 4 mM G418 in addition to the 

base ingredients. Reaction mixtures used 10 determine back· 

ground radioactivity contained base ingredients but no hygro· 

mycin B or G418. 

Having developed a system ror introducing, 
maintaining, and expressing e)l(ogenously added 
DNA in C. acremonium, we shifted effort to iden

tification and isolation of a C. acremonium gene in
volved directly in cephalosporin C biosynthesis. By 
isolating biosynthetic genes and reinserting several 
copies of these genes back into the genome of C. 
acremonium, one might hope to acheive a favorable 
gene-dosage etreet that would increase cephalos
porin C production. The gene for isopenicillin N 
synthetase was targeted for this purpose. Isopeni
cillin N synthetase (IPS), a key enzyme in the ce
phalosporin C biosynthetic pathway, had been iso
lated [7,13J, and the enzyme has been studied In 

some detail (e.g., Refs. I, 3, 4, 11 and 15). 

The conversion of o-(L-a-aminoadipyl)-t-cystei
nyl-o-valine (LLD-ACV) to isopenicillin N by IPS 
of C. acremonium OCCurs in the presence of oxygen, 
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Fig. 6. Isopenicillin N synthetase catalyzes the conversion of J. 
(L·G[·aminoadipyl)-L-cysteinyl-o-valine, which has no antibacter· 

ial activity, to form isopenicillin N, which has significant anti· 
bacterial activity. 

Fe 2 
+, ascorbate, and thiol (such as dithiothreitol) 

[2,9,11,12,19J. In the process, four hydrogens from 
LLD-ACV are removed and one dioxygen is con
sumed [26], resulting in the formation of the two 
rings found in isopenicillin N (Fig. 6). 

a. Experimentally 

J 71 

Tho.: cloning of the gene for C. acrl!n1onium IPS 
was accomplished by purifying IPS from C. acrl!-

moniul1l, determining its N-terminal sc:quence, con
structi ng 17-mer oligonucleotide probes that in· 
cluded the coding information for amino acids 
18-23 (Fig. 7), screening a cosmid library of C. 
acremonium DNA with the oligonucleotide probes, 
and mapping and sequencing the cosmid region 
that hybridized to the probes. The open reading 
frame containing the hybridizing region had a pre
dicted amino acid sequence that matched the ex
perimentally determined sequence. When this open 
reading frame was inserted into an E. coli expres
sion vector and transformed into E. coli, it allowed 
the production of active IPS in E. coli (Fig. 8). The 
cloning and sequencing of the C. acremonium IPS 
gene, and the expressing of that C. acremonillm gene 
in E. coli has been previously described in detail 
(18]. 

determined 
amino acid 

? -VAL-PRO-VAL-PRO-VAL-ALA-ASN-VAL-PRO-ARG-ILE
ASP-VAL-SER-PRO-LEU-PHE-GLY-ASP-ASP-LYS-GLU-

sequence 

b. Possible 
codons 

c. DNA probes 

d. Experimentally 
determined DNA 
sequence ond 
predicted amino 
acid sequence 

5' 

3' 

3' 

5' 

A 
UU U GGG 

e U 
e 

AA A ee T 
G C 

AA A CC A 
G G 

TTC GGC 
PHE GLY 

GA U GA U AAA GA A 3' 
e e G e 

eTA eTA TT T CT 5' 
G G C 

CT A eT A 
G G TT ~ CT 5' 

GAT GAe AAG GAG 3' 
ASP ASP LYS GLU 

Fig. 7. Amino acid residues 18-23 in the N-tenninus of IPS from C. Qcr~mOl1iJ.lm were suitable for design of oligonucleotides which 
served as a probe for screening a cosmid bank of C. acumonium DNA and allowed location of the IPS gene in cosmid p!T328. (a) The 
first 23 amino·terminal amino acid residues of IPS were detennined and are shown above. The question mark indicates that the first 
cycle of the seq uena tor run was ambiguous. The underlined sequence at amino acidl 18-23 represents the region encoded by the synthetic 
oligonucleotides. (b) The possible RNA codons for the underlined sequence (in par! a above) arc given. Since the third position of each 

,,;. codon is variable in this region, all possibilities are shown. (c) Two sets of 17·mer oligonucleotides comprising tbe possibilities (shown 

;r. J in part b above) were synthesized. Each pool had a compleltity of n. (d) The experimentally derived DNA sequence that hybridized .-g \0 the oligonucleotide probe and the corresponding predicted amino acid sequence are shown. For the complete DNA sequence and the 

~: predicted amino acid sequence of the open reading frame located by the oligonucleotide probe, see Samson et a1. [18]. 'i.' 
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Fig. 8. 12.5% SDS prolein gel thaws IPS protein in E. coli cells 
transfonnro with pIT131. TO\lll 1;eU protein from E. coli 
RV308/plT337 cells prior to amplilialion (30'C) and after am· 
plilkation (31'Q Ilf'lS shown a,lan, with control RV308 o;ttacts. 
Purified IPS from C. flCTtmQlflum (I PS) and the: kanamycin phos· 
p/lotransferase (KPT) a~ indil:aled by Ilrrows, as. a~ the po$i. 
tions or molecular weight marken. E~traclS or E. coli 
R Vl<I&{pIT331 0:1\$ <:atalyzed the conversion (lr 6-(1..-u.ami. 
nOildipyJ)'L-cysleinyl'D-valine 10 isopeniciliin N but extracts or 
RV308 containing iii. plasmid that differt::d fmm plT331 by $lIb· 
Stillllion or iI bovine growth honnonc ~ne in place or the IPS 
gene did not convert the tripeptide to isopeniciHin N (bioassay 
or Shen ¢l al. [21J). 

The succes~.rI1! development or a transformation -
system that can produce C. acremoniunl transrorm-
ants with stable multiple inserts or transforming 
DNA and the successful cloning of the C. acremon-
ium IPS gene made possible the construction or 
stra;l)$ of C. acremonium that contain multiple cop-
ies of IPS. To produce vectors of inserting 
multiple copies of the IPS gene into C. acremoniwn, 
the IPS gl:ne has been placed in derivativl:s of vector 
pIT221. Some of these p[asmids, e.g., pPS26, were 
modified to contain a hybrid gene made by splicing 
the promotor region of the C. acremonium IPS gene 
to the open reading frame of the bacterial hygro-
mycin phospho transferase gene. These vectors were 
compared to vectors containing a hybrid gene con
structed by splicing the promotor from the yeast 
phosphoglycerate kinase gene to the bacterial HPT 
open reading frame. All other genetic elements on 
the compared plasmids were equivalent. The former 
plasmids transform C. acrem()nium at ca. lOO-fold 
greater frequency (Skatrud tt a1., manuscript in 
preparation). 

C. acremoniuni mutant N2 is deficient in the con
version of LLD-ACV to isopenicillin N as judged 
by its inability to fonn p-lactam antibiotics on agar. 
medium and by its e;<.crction of LLD-ACV in liquid 
medium [20J. We have observed the absence of iso
penicillin N synthetase activity in an extract of N2 
and - in the same experiment for comparison - the 
presence of IPS activity in an extract of the wild 
type strain ATCC l t 550 (Note: when strains were 
propagated on agar medium in Petri plates, we ob
served no p-lactam antibiotics for N2; we observed 
only a penicitlinase-sensitive antibiotic for the par-
ent of N2, strain C-52 [a higher producing (cephal· 
osporin C) derivative of A TCe 115501. and we ob· I 
served a larger amount of penicillinase-sensitive an
tibiotic and a small amount of penicillinase.resist-
ant antibiotic for strain 394-4 [a very high producing \ 
(cephalosporin C) strain]. When strains N2 and C-
52 were propagated in liquid complex medium 
under conditions of high aeration, we observed 
small amounts of penicillin N and cephalosporin C 
for N2 and much larger amounts of these antibiot-
ics for C-S2. Thus, the conditions of grow(h for col-
onies on the agar medium appeared to support only 
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conversion of penicillins to cephalosporins 
the completeness or the block in N2 appeared 

to depend on the method or propagating N2.) 
. Plasmid pPS26 has been used to transrorm N2 

. to hygromycin B resistance. Eleven hygromycin 

. B.n:sislan!, pPS26-transformants of strain N2 were 
chosen for analysis of antibiotic activity. When 
grown on agar medium, ten of the eleven trans-

~ fonnants produced an antibiotic (bioassay with 
Micrococcus /lIIt!US) that was destroyed by penicil-

1·_ .. lioOlse, but N2 did not produce detectable amounts 
l .' of any antibiotic active against M. [uleu.s. When 

grown in liquid complex medium under conditions 
Qf high aeration (conditions capable of supporting 
efficient cephalosporin C synthesis), two of the ten 
penicillin + isolates produced amounts of cephal
osporin C which were clearly superior to the other 
isolates and N2; the amounts of cephalosporin C 
approached (80%) that observed for strain C-S2. 
Hybridization analysis with an IPS gene probe in
dicated the presence of transforming DNA inserted 
in the genome of both of these isolates. The peni
cillin" fHgmB' phenotype exhibited by these two 
transformants on agar medium was probably due 
to a stable insertion of the transforming DNA into 
the genome of the recipient strain N2 (phenotype 
on agar medium: penicillin - fHgmB'). Likewise, the 
cephalosporin C tittes of these two transformants 
propagated in liquid complex medium with high 
aeration suggested that the IPS gene present in the 
transforming DNA was functioning in these two 
HgmB' C. acremonium transformants. 

To investigate further the effects of inserting 
multiple copies of the IPS gene (and other DNA 
preserH in our vectors) into the C. acremonium gen
ome, plasmid pPS26 was used to transronn wild 
type C. acremonium (A TCe 11550) to hygromycin 
B resistance. The cephalosporin e titres of 100 
HgmB t trans[ormants were compared to the titres 
of 100 natural selectants. Some transformants ex· 
hibited titres significantly higher than ATee 11550. 
None or the transformants had titres superior to 
the best dtres obtained with natural selectants of 
ATCC llS50. We have produced and analyzed 60 
pPS26.transformants of a high-producing strain, 

>j. Jy • 394-4, and - on preliminary analysis - some of these , 
.j 
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trans[onnants appear superior to 394-4. An equal 
number or natural selectants of strain 394·4 will be 
selected and evaluated for comparison. It will prob· 
ably be necessary to produce and screen a relatively 
large number of HgmBt cransfonnarllS to find a 
strain that carries multiple inserts or the IPS gene 
all positioned so that there are no deleterious mu
tations in the transrormant genome. 

If the amount of isopenicillin N synthetase is 
rate limiting in the biosynthesis of cephalosporin C 
in C. acremoniunl strain ATCC 11550 or strain 
394-4 and if mUltiple copies of the IPS gene allow 
synthesis of more IPS in lransformants of those 
strains, then improved antibiolic formation should 
be observable in transfonnants, provided that a suf
ficiently large number of transformants is screened 
to discard those with DNA inserts that produce 
deleterious mutations. If another biosynthetic step 
is rate limiting then the gene corresponding to that 
step must be cloned and introduced into C. acre-
monium in multiple copy to construct the desired 
improved strains. 
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Extracts of C. acremonium strains LU4-79-6 (transformed 
with pPS56) and strain 394-4 ( control: untransformed 
production strain) do not exhibit chloramphenicol acetyl 
transferase activity. 
Method: 88 microliters of extract from the control (strain 394-4) or the transformant 
~strain LU4-79-6} were mixed with 1 0 microlit~rs of fresh acetylCoA and 2 microliters of 
4C-Chloramphenicol (Spec. act 47.3 mmoVmCi) [2 microcuries per reaction]. 

Reactions were incubated at 37 degrees C for 90 minutes, extracted twice with 100 
microliters of ethyl acetate. dried down and reconstituted in 15 ml ethyl acetate. 
Reconstituted samples were spotted onto silica TLC plates and run in chloroform: 
methanol (95:5 ascending). The plate was dried and exposed to XAR2 X-ray film for 
64 hours at room temperature. To determine the sensitivity of the assay, various 
amounts of active chloramphenicol acetyl transferase (0.25. 0.025, and 0.0025 units) 
were spiked into the extract from strain 394-4. 
Protein concentrations for the extracts were 8.6 mglml (strain 394-4) and 11.6 mg/ml 
(strain LU4-79-6). Acetylated forms of chloramphenicol were observed, as radioactive 
spots I for all reactions spiked with active CAT. No acetylated chloramphenicol was 
observed in reactions that contained onlyC. acremonium extract as enzyme source. 

Assayed by Dr. Gretchen Kirchner 
7116/87 
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Table 1. Summary of Original Shake Flask 
Fermentation Analyses for Strain LU 4-79-6: 
Transformant produces significantly more 
cephalosporin C and less penicillin** than control 
strain 394~4 

Inoculum Experiment 
Cephalosporin C, Penicillin. %of 
%of control strain· control strain" 

LU4-79-6 #1 126% 79% 
original slant 

LU479-6, 
#2 115% 87'% 

original slant 

LU4-79-6, #3 123% 87% 
original slant 

LU4-79-6, Post-preservation 152% 33% 
preserved lot 

LU4-79-6, Post-preservation 156% 42% 
original slant 

11 Control strain is current production strain 394-4. 
** Assay does not differentiate between isopenicillin N and penicillin N. 
For experimental detail, see legend to Table 3. 
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Tabfe 2. Summary Expandase Assay Data: 
Transformant LU4-79-6 exhibits significantly 
more expandase activity than control strain 
394-4 

EXPERIMENT CELL AGE (hours) EXPANDASE (% control) 

#3[p re-p rese rvatio n 1 96 182 

#4[post-preservation] 72 146 

#4[post-preservationJ 96 148 

"'" #4[post-preservation] 120 130 

Experiment #3 - prepreservation, cephalosporin C at and of fermentation was 123% of control level. 
Experiment #4 - postpreservation, cephalosporin C at end of fermentation was 152% of control level. 
The production strain 394-4 and the hygromycin B resistant strain transform ant 
LU4-79-6 were grown for the hours indicated in standard s.hake flask medium used to 
evaluate production of cephalosporin C. Cells were harvested by centrifugation, 
washed in buffer, sonicated to break cel/s, and cell-debris removed by centrifugation. 
Cell-free extracts were assayed for expandase activity as described by Dotzlaf et aI., 
1987 (J. BacteriaL, 1987). Enzyme data supplied by Mr. J. Dotzla( 



Table 3. Data of Fermentation Analysis, Experiment #3: 
Transformant LU4-79~6 produces significantly more 
cephalosporin C and less peniciJIin** than production strain, 
4Q3.18, in standard shake flask 1ermentation 

Sample Strain Cephalosporin Penicillin 
Number lJl. PQtency{%CQntro''') PQtency(%Contro!*) 

1 #3 74% 154% 
.6 tfJ. 11%. 154% 
3 #4 70% 170% 
.4 1M 69% 177% 
5 #5 79% 138% 

.§. § 93% 133% 
il ~<@ 'il~1l% ®®% 

~ S ~~:6¥? ID'?% 
9 #7 85% 149% 
10. U 86% 143% 
11 #8 89% 141 % 

12 tHJ. 83% 135% 
13 394-4 103% 100% 
14 394-4 96% 101% 
15 394-4 97% 106% 
1.2. ;394-4 ~ 920/51 

The production strain 394-4 and six hygromycin B-resistant transformants, LU4-79-3, 
-4, *5, -6. -7, and -8. were grawn 7 days in standard shake flask medium used to 
evaluate production of cephalosporin C. Inocula for these fermentations were 
identical to those used for enzyme analysis and fermentations were carried out under 
identical conditions. Cells were removed by filtration and assayed for cephalosporin C 
and penicillin [assay for cephalosporin C is the "nicotinamide assay" which is specific 
for cephalosporin C and does not measure peniciJlins. or deacetoxycephalosporin C or 
deacetylcephalosporin C; the assay for penicillin is the "hydroxamate assay" is specific 
for penicillins and does not measure cephalosporins. Each transtormant was prepared 
by transformantion of strain 394-4 with pPS56. 
"The stereochemistry of the alpha-aminoadipyl side-chain of the penicillin in the current production strain 
has not been detennined; however, the stereochemistry was determined earlier for strain 403.6 and was 
the D-configuration, i.e. the peniCillin was peniCillin N. 
·Strain 394-4, the current production strain, is the control strain. 

J. Chapman 
March 20, 1987 



Table 4. Comparison of expandase specific activities 
in six transformants and control strain, 394-4, 
Experiment #3: 96 ... hour cells of transformant 
LU4-79-6 contains significantly more expandase 
activity than the production strain, 394-4 

Strain name Specific Activity °LoControl 
(miHiUnits/mg protein) 

lU4-79~3 11.58 85 
LU4·79~4 8.33 59 
lU4-79-5 10.05 71 
lLl!D.nQ~ ~ .. ~ 1Jm~ 

lU4-79-7 13.93 97 
LU4-79-8 9.68 68 
Contro', 394-4 14.22 100 

The production strain 394-4 and six hygromycin B resistant transformants, LU4-79-3, 
LU4-79-4, LU4-79-5, LU4-79-6, LU4-79-7. and LU4-79-8 were grown for 96 hours in 
the standard shake flask medium used to evaluate production of cephalosporin C. 
Ninety-six hours was chosen because previous studies have shown that expandase 
activity peaks at this time in the shake flask fermentation. Cells of each strain were 
harvested by centrifugation, washed in buffer, sonicated to break cells, and cell debris 
removed by centrifugation. Cell-free extracts were assayed for expandase activity as 

. described by D01zlaf and Yeh (J. BacterioL 169: 1611-1618 [1987]). 

J.Dotzlaf 
J. Chapman 
3/20187 



Transfer of Hygromycin B resistance to another strain 
of C. acremonium not detected. 

C. acremonium 
strain ATCC 11550 
Inoculated into Non
selective broth medium 
and grown to saturation 

/ 
C. acremonium 

strain ATCC 11550 
Aliquot trans/erred to 
Non-selective aQ91'plate. 
Incubated 14 da.'y'S. 

..-----:---...A...---:--------
C. acremonium C. acremonium 

strain ATCC 11550 strain ATCC 115$0 
Aliquot trans/ erred to Aliquot transferred to 
Non-selective ~91' Selective a,gar medium 
medium. Incuba.ted (lOa ~/ml Hygromycin B) 
11 da.'y'S. Plated 1.14 x 106 cells 

Growth . No Growth 

C. acremonium 
strain ATCC 11550 

+ 
C. acremonium 
strain LU4-79-6 

A mixed cell suspension 
was prep&J'1!d and used 
to inocula.te Non-selectiV'e 
~armedium. 
Incubated 14 days. 

C. acremonium 
s!raln LU4-79-6 
Inoculated into Non
selective broth medium 
and grown to sa1uration 

C. acremonium 
strain LU4-79-6 

Aliquot tnlllsfelTt!d to 
Non-selective aQar plate. 
Incubated 14 da.'y'S. 

C. acremonium C. acremonium 
strain LU4-79-6 s!rain LU4-79-6 
Aliquot transferred to Aliquot trans/erred to 
Non-selectiV'e ~91' SelectiV'e medium 
medium. Incubated Incubated 11 da.ys. 
11da.'y'S. 15 \o'oQ/ml Hygrom~in 8 

Growth Growth 

C. acremonium 
strain ATCC 11550 

C. acremonium -
strain ATCC 11550 

+ 
C. acremonium 
strain LU4-79-6 
Aliquot of mixed cultur'l! 
transferred 10 fresh 
Non--$elective medium 
Incubated 11 da.ys. 

Growth 

+ 
C. acremonium 
strain LU4-79-6 
Aliquot ot mixed culture 
transferred to fresh 
Selective medium 

1 00 I-IQ/ml Hygrornycill 8 
Plated 1.1 x 10 6 cells 

No Growth 

Note: Strain ATCC 11550 is vigorous and fast-growing: Iransformants of ATCC 11550 carrying 
the HPT gene are resistant to at least 100 [J.gfm/ hygromycin B; as a control in the experiment 
above, transformant T1 which was obtained by transformation of ATCC 11550 to hygromycin 8 
resistance, was grown successfully at 100 J.1g1ml hygromycin B. In contrast, lU4-79·6 and strain 
394-4. the untransformad parent of lU4-79-6. are lass vigorous and slow-growing [strain 394-4 is 
a product of many rounds of mutation/screenIng and mutation/selection]. Transformams of 394-4 
carrying the HPT gene ara usually resistant to only 5 to 15 [J.glmJ hygromycin B. 



Chloramphenicol resistance is not transferred to E. cali 
from C. acremonium strain LU4-79-6. 

E can strain 
C60D 

Grown to s<ltur ation 
in. Non-se ledivE!' 

broth medium. 

~/ 
Mixed 

C. acremoni~m strain 
LU4-79-6 

Grown to s<ltuntion. in Non.
selective broth medium. 

E. coli strain 
C60D 

coli strain 
C600 

acremonium strain 
LU4-79-6 

Aliquot transferred to Non-
selective ~armedium. 

+ 
C. acremonium strain 

Aliquot trans/erred to Non
. selective &.gar medium. 

Incubaled 14 days. LU4-79-6 Incubaled 14 days. 

J;.. coli strain 
CBOO 

Aliquot tranS'ferred 
to Non-Selective 
&.gilt medium. 

Gro'vYth 

Aliquots of the two strains were 
mixed and used 10 Inoculate 
Non-seleclive. &.gilt plales. 

Incube.ted 14 days. 

E. coli so-ain 
C600 

1.S x 10 g cells 
transferred to 
selective. medium. 

(+ chlorsmphenicolJ 

NO GROWTH 

E. coli strain 
C60a 

+ 
C. acremonium strain 

LU4-79-6 

TransfetTed to Non-selecti .... 
medium. 

Gro'vYth 

C. acremonium 
strain LU4-79-6 
Transferred to Non
selective medium. 
Incubabd 11 days 

Gro'vYth 

E. coli strain 
C60D 

+ 
C. acremonium strain 

LU4-79-6 
Transfernd to Selective. medium 

.(ie. with chloramphenicoQ. 

4.S x 108 cells were eXll.l1iined 

No Gro'vYth 

C. acremonium 
strain LU4-79-6 
Transferred to 
selective medium. 

1S I-'1Jlml hY'iiroml,dn B 

Gro'vYth 

Nota: E. coli cells 
containing the CAT 
gene in plasmid form 
grow well at the 
concentration of 
chloramphenicol 
employed, 25 Ilg/mi. 
e.g. see attachment 
#14. 



DNA isolated from Cephalosporium acremonium strain LU4-79-6 is not able 
(---. to transform competent Escherichia coli (e600) cetls to chloramphenicol 

resistance under laboratory conditions. 

DNA Trial #1 Trial #2 

Control~ 

No DNA 0 0 

pMlC12 9.2 x 1 aS tranS./1l9 6.2 x 106 trans.lllQ 

394-4 0 0 

lU4-79-6 (Sill) + pMlC12 1,028 cfu 3,728 cfu 

lU4-79-6 (1 Dill) + pMlC12 334 cfu 2,1S2cfu 

LU4-79-6 (15p.L) + pMlC12 418 cfu 568 cfu 

Experimental 

lU4-79-6 (Sp.l) 0 0 

lU4-79-6 (1 Olll) 0 0 

( lU4-79-6 (15Ill) 0 0 
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NOVO 

March 30, 1988 

Dr. William J. Gartland, Jr. 
Director, Office of Recombinant DNA Activities 
12441 parklawn Drive 
Room 58 
Rockville, Maryland 20852 

Dear Dr. Gartland: 

Novo Laboratories, Inc. is the united states subsidiary of 
Novo Industri A/S, Denmark, a pharmaceutical and enzyme 
manufacturing company which utilizes rDNA technology. 

Novo Laboratones. Inc. 

33 T urn8r Road 
Danbury. CT 
068105101 
Tel. 203-790-2600 
Fax. 203-790-2748 

Novo proposes the following amendment to the NIH 
"Guidelines for Research Involving Recombinant DNA 
Molecules" (Guidelines): • 

licheniformis" to the title ~,~ 
that it would read: 

In appendix C-IV add "Bacillus 
and to the first sentence such 

Appendix C-IV - Experiments Involving Bacillus 
subtilis or Bacillus licheniformis Host-Vector 
Systems 

Any asporogenic Bacillus subtilis or 
Bacillus licheniformis strain 

The proposed amendment is supported by the attachment 
describing the close taxonomic relationship between 
Bacillus subtilis and Bacillus licheniformis, the non
pathogenicity of Bacillus licheniformis and the extended 
history of safe industrial use of Bacillus licheniformis 
as a source of food-grade enzymes. 

The reason for requesting this amendment is that it is 
possible to construct recombinant strains of Bacillus 
licheniformis, utilizing NIH certified host-vector systems 
which would not fall under exemption 111-0-2, 111-0-3 or 
111-D-4 of the guidelines although if the identical 
experiments had been carried out with Bacillus subtilis 
they would have been exempt. In the case of the Bacillus 
subtilis recombinant strain an Institutional Biosafety 
Committee could elect to set containment conditions to a 
level no greater than those for the host organism 
unmodified by recombinant DNA techniques (Appendix C-IV of 
guidelines, paragraph 3). In the case of the Bacillus 
licheniformis strain this option may not be possible under 
the existing guidelines if the experiments are not exempt. 



Adding Bacillus licheniformis to Appendix C-IV of the 
Guidelines would remove this obstacle since 

iments in question would then be exempt. If the 
proposed amendment is not implemented each such non-exempt 
large-scale experiment would require special RAC review. 
In Novo's opinion this would be unnecessarily wasteful of 
resources considering the close taxonomic relationship 
between Bacillus subtilis and Bacillus licheniformis, the 
non-pathogenicity of Bacillus licheniformis and its 
extended history of safe industrial use. 

If this proposed amendment is implemented, Novo intends, 
if its Institutional Biosafety committee concurs, to 
conduct large-scale experiments, under containment 
conditions less restrictive than BLI-LS for recombinant 

ins of Bacillus licheniformis which would then be 
exempt under the Guidelines. 

S rely Yours, 

Fordham, Ph.D. 

Regulatory Affairs 

s 

NOVO 
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I. TAXONOMY OF BACILLUS lICHENIFORMIS 
Bacillus lichellijormis was known between 1916 and 1944 as the Ford strain or B. \{(!'I/!/I. 

Based on a study by T. Gibson (1944) it was separately classified and the Sc\cllth Edition .)1' 
Bergey's Manual listed it as a distinct species. The descriptions of B .. \1Ih/lI/.\ alhl n 
lic/tellijormis found in the second volume of Bergey's Manual (1986) 3rc attached. T~lblc I 
compares the growth characteristics of the two organisms. B. suhlilis Jnd B. IlclIcn//rllml l J r~ 

also similar in that both have been used extensively as sources for amylases :lnd prll!C1\('; 

used in food proccssing and in the detergent industry. It should be noted th:lt slr:1in~ l)I' B 
lichel1ijormis used for industrial production of enzymes do not produce antibiotics, 

II. EVALUATION OF THE PATHOGENIC POTENTIAL OF 

BACILLUS lICHENIFORMIS 

I. Introduction 

B. lichetli/()rmi~ has been used at Novo in the production of protease and st:Hch dCCOmpl)sing 
enzymes for several decades. The pathogenic potentiJI of the different strains u'ied has been 
evaluated in /!I \'i1'(l animal models. Increasing intercst in using B. liehcw/oJ/ull :IS :l dl)11lH or 
recipient in recombinant DNA constructions has made this literature based sur\cy llei..'CS~<H:. 

The pathogenic potential is interpreted as an ability to cause infection in man. 

2. Source Material 

The evaluiltion of the pathogenicity of B. licheni/ormis to humans was made by scarching in 
four databases using one or more of the queries Bacillus licheniformis, pathogenicity, dise:1sc 
and toxicity. In addition, literature on Bacillus species pathogenicity collected during the 
past ten years and commonly used handbooks in standard medic31 microbiology \\crc 
consulted, 

3. Occu rrencc 

Bacil!us specics arc ubiquitous in the environmcnt and arc common contaminants in soil ~lnd 

soil contaminated material. As with other Bacilllls species growth or B. /iChl'lI/IOIII//1 is 
obscrved in rna ny foods (Gibson, 1974), 

4. Human Pathogenicitv 

a, Intoxic3tion 

The most common syndrome associated with Bacilllts species is g3strointestin~1l intoxiC:lIi()J1 
Bacifllls cerellS is known to produce both a diarrhe31 and emetic type of in!oxicuiull 
(Turnbull, 1981), The ability of cert3in B. Iicheniformls strains to causc a similar into\ic:Jlion 
h3s not been confirmed, This se3rch has not revealed any reports on g:Jslroinlcstin:li 
intoxication caused by B, lichellijormis. 

b, Infection 

Four references cItIng infection with B. lichelliformis were found. Young ct al. (191-\:1 
describe a case of post neurosurgical infection with B. lichenijormis. The infection dc\clopcd 
after removal of an intraventricular meningioma. Tabbara ct 31. (1979) rcport on an C~ c 
infection with B. liciTelrijormis following a CQrneal injury. Sugar et a I, (1917) l1cscribe :111 

incident of sepsis and peritonitis prObably developed from a pcrforated ini'ar .. :tcd jcjunuill 
from wh ich B. liC/II:'I1i/ormil was released in to the peritonea I ca \ i ty and t hc blood 51 rC:l III 

2 
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Test 

Tyrosine Agar 
Slants 

NaCl Broth: 

Milk 

Milk Agar Streak 
Plate 

Potato 

Arabinose, Xylose, 
Glucose, Sucrose 
and Hannitol(with 
ammonium salts as 
source of nitrogen) 

Stare h 

Aeetylmethylcar
hinal 

pll of Glucose 
Hroth 

Citrates 

Table I 
GROWTH CHARACTERISTICS 

Growth same as on agar. 

Good growth up to a concentration of 7 percent 
NaCI; growth in a few cases in 10 or 12 percent. 

Slowly peptonized. usually becoming a1callne. 

Usually there is a wide. zone of hydrolysis of 
the casein. 

Growth heavy. wrinkled to coarsely folded, 
spreading. Off white, yellow, pink, or brown. 
Variations: slimy, soft, thin, warty. 

Acid but no gas. 1!sually no acid produced from 
lactose. 

Hydrolyzed 

Produced (37°c better incllhation temperature 
than 3Z

o
C) 

5.0 to 8.6 in 7 days. 

Ut iUzed 

~icheojformis 

Same as agar slants. 

Good growth in 5 to 8 percent NaCl. inhibition with 
higher concentrations. In a few cases, growth in to 
percent. 

Not listed. 

Usually narrow zone of hydrolysis of the casein. 

Growth heavy, spreading, wrinkled, warty, with 
extruded droplets. Pink. Submerged portion of 
potato red to violet. Variations: soft, off white. 

Ac id but no gas. 
lactose. 

Hydrolyzed 

Acid production variable from 

Produced (37°C better incubation temperature than 
n°e) 

5.2 to 8.2 in 7 days. 

lJtilized 



Test 

Nitrites 

Lec I thinase 

Temperature 
Relations 

Growth Factors 

Antibodies 

Habitat 

-

GROWTH CHARACTERISTICS 

B. subtills 

Produced from nitrates. No gas produced from 
nitrate broth under anaerohic conditions. 

Not produced 

Aerobic, certain strains facultatively ana
erobic. Growth scant, if any, in glucose broth 
under anaerobic conditions; pH of 14-day cul
tures in 5.5 or higher. 

Optimu~ growth temperatures lie between 28° 
and 40 C. The maximum temperature for growth 

o 0 is usually 50 C.. but some cuI tures find 40 
too warm for growth while still others will 

o grow even up to 55 C. 

Not essential. 

Subtilin, subtenolin, baciliomycin and others. 

Widely disturbed in soil and decomposing 
organic matter; also common as a laboratory 
contaminant. 

1 jcheniform 

Produced from nitrates. No gas produced from 
nitrate under anaerobic conditions. 

Not produced 

Aerohic, facultatively anaerobic. Growth in glu
cose hroth under anaerobic conditions; pH is 5.2 
or lower at 14 days. Usually a small amount of 
gas is produced. 

b 32° and 45°C. 1m b Optimum, etween Max urn, etw€<en 
SOoand 56°C. (in water bath). 

Not essential. 

BacitraCin, licheniformln 

Eidely distributed in soil and food; also common 
as a laboratory contaminant. 



Finally Peloux et ::tl. (1975) report on :l C:1se of bacteriemiCl. cat;s:::d b:; B. IIC/;CII{/I!rrl!!1 ill:l 
patient given intravenous blood transfusions and cutheriz:.ltion. B. /rci1ewilJrI11i, \\:lS 1~1tcd 
from eight of the ten blood portlOns glvcn, Thus the common J'catur:.: ut' tn:,;~c fuur qUit:,.' 

different case histories is the introduction oC e, llcilel1ljol'nl[\ to the bod\ Ihr'Jugh d~lnLl~cJ 
tissue which norma!!y should protect the org:ln or body fluids :.1g3inst Dl!-.;ruorgJIlI:;ms. 

Through the P::lst 25 years several reviews on infections with Bactlhn SPC'::iC:, h:l\:.: I':.::.::' 
published. 

Sliman et al. (1987) reviewed the records of five Cleveland hospitals :lnU disc()\cn.:d lh:n:· 
eight patients with infections caused by Bacillus species. Fifteen of the I:iO]:ll<.:,; \\ C:'''; 

identified as to species and none of thern were classified as B. Irchcl1I!urmi.l. C\)tton C' :li. 
(1987) retrospectively examined episodes or Bacillus bacteriemi:l.s :l.t a hospit:.ll with :l 1:li"S': 
proportion of immunocompromised patients. Seventeen c::Ises were found :lnd of these t\\ c! \::: 
were identiried to the species level: six B. cerellS, three B. lichenijolmi.), t\VO B. (J1I.rJ!!ii\ ::l.nd G"~ 
B. sphaericlIs. The patients were all in poor health. Fiftcen p:nicots had :11.1\ ~ll1::::d 
malignan:;ies and fourteen had intravenous c:Hheters through which th..: bacteria might IL1\~' 

been introduced. 

Shamsuddin et a!. (198:::) report a panophthalmitis caused by Baciilll.1 species. The three \,':l'.~· 
histories described were all intf3venous drug abusers and B, C<'tTi:1 W:1S the Inl"':~:i':,: 

org:lnism. In the paper thc microbi3! flora of forty nine heroin s:lmpic :lnd inc<..'~til;ll 
pJ.raphcrnalia is described. Bacillus species were the most common isolJtes :lrHI fdur :)PC':IC'; 

wcre identified, ie. B. cereus, B. whuli!;, B, pllmilus, and B. lichl..'nijormi.l. Sh:lmsuddin et :11 do 
not report on Jny case of ocular infection caused by B. Iicilelli/ormll either from their 01\ n 
experience or e:.nlier reports on eye infections caused by Bacillu\ species. 

The review by Tunon et 31. (1979) deals with disseminated infections C:luscd b.\ BUd!i,;" 
species. Tuazon et al. report on their experience with seven PJ.[iCflts and fUrli1crlllOrc 111\.". 

review the published re;:}Orts on disseminated inl'ections with Bacilli/I speck'). tllC carill:q 
from 1913. B. lichelll/ornlis is isabted in none of the total of thirty-two C:lSCS n;pur[cd 
Pearson (\969) describing organisms of the Bacillus species J.ssociatcci with infeCTions in r!,rl~
eight p3tients docs not mention B. fichenijo!"lllis 3S the cause of :.lny inl\ .. ;:'tion. 

Finally. in the textbooks consulted. B. lichullilurmi.1 is not mentioned :lS J potcnti~)1 p:ltl](,g:.:", 
to man. (Jawetz. 1980; Wilson, 1984; Doyle, 1985), 

5, Conclusion 

This surveyor the JircralUre has revealed a totJ.1 or seven cases of human inrections c:lusd 
by B. lichenijormis. In three of the cases the patients were severely dcbilit:lled by :1 .. 1\ an.:ed 
malignancies ::Ind in the other four the bacteria were introduced (Q the body through dailu!S,: 
of the natural barriers, ie. surgical infection, wound infection, dcvit~llized inteSTinal tissue (II" 

directly infused into the blood stream. 

No reports have described B. licheniformis infections, which indicate that B, Iichl'!11 111111 

causes any health hazard to humans apart from immunocompromized patienls or p~Hii.:iH~ 
exposed in :l way that circumvent the normal biological defense mcchJnisms. Thcrc!lHc. 011 

the basis of this survey E, lichenrjormis can be regarded as a nonpJ.thogcn~c micronrgJnislll 

111. HISTORY OF USE OF B. lICHENIFORMIS IN FOOD PROCESSING 

Alpha-amylases and proteascs produced by Bacillus species have :I long histL)r~ or use III i'l)\'.j 

processing. Beckham, ct ::11.(1965) in a review of the production and usc~ or mi~'ll)['IJI 

enzymes traced the common use of the alpha-amylases and protcases from B, 'lIhll/l\ b:h' ll' 

1929 and 1940 respectively. Howc\"c:-, these [WO groups of enzymes C:ll1h: inh) 111{)i'(," CO 111 '1,',' 

usc in the 1940s and 19505. These uses include the production of nU[riti\c Sub'll:l11L'C'i 1,_'lll'11 
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syrup), liquefaction of adjuncts or mash in beer and distilled liquor, VISCOSI[\ con[rol oj 

chocolate syrups, production of protein hydrolyzatcs, modiric:ltion 0[' cracker dnugh, Jnd 
hydrolysis of protein in brewing mJshcs, B. licilel1i/ormis alpha-amyl"sc h"s been used in [hI.: 
corn syrup industry since 1972 and proteascs from [his organism hJ\e been U5CU [0 produ~'c 

protein hydrolases since 1971. 

The U.S, Food and Drug Administration (FDA) (1983) affirmed th:lt cJrl)l)ll\cir:hC Jllc1 

proteinase enzyme products derived from B, licilellijvrmis 3re generally rccognize:~ ]S S:II',.: 

(GRAS) when used to hydrolyze starches and proteins in the prOduction or .::cruin i'lI"k 
This GRAS affirmation was based on the evaluation of a petition submillcd b~ ~I'\ ,j 

Laboratories, Inc, in 1973, The evaluation was based on scientific proccdurc~. Th'~ pClili')ll 
established that B. lichelliformis is widely recognized as a common contJl1lin"nt t"OUlh1 in 
many foods and that no toxiciry or pathogenicity was associated with the presence 01' lilis 
organism in food, The scientific literature search contained in the petition dis.::losed no 
evidence that B. licheniformis produces disease in man, 

The petition also contained unpublished pathogenicity studies and animal reeding studies lo 
support the safety of the enzyme preparation. The pathogenicity studies confirmed thal lhe 
production strain was neither pathogenic nor toxicogenic to rats. mice. guine::l pigs. "I](j 

rabbits, The animal feeding studies. including LDSO studies in both sexes 01" mice :111L! r:l['.:l 
t wen t y -e i g h t -day stu d yin the rat, two n i net y -day stu die sin the rat and dog. res p e .:- ! i \ l' I ~, :1 

teratology study in the rat, and two dominant lethal studies in the mJlc mouse and nnic 1':11. 

respectively provided corroboration that the anticipated levels of' the enzvme prep:H:l[iull~ in 
food are safe for human consumption. 

IV. PUBLISHED CLONING EXPERIMENTS WITH B. LlCHENIFORMIS 

The commercially important str:lins or B. lic/rcllijormis have been reported [0 be resistant TO 

DNA-medicated transformation by standard methods. However. Grosch :lnd Wolhlcber (198:') 
successfully introduced the plasmid pUBI10 into a strain of B. liciJcllljol"nl/\ b~ a prl)!l)pl:l'i[ 
transformation procedure originally described for B. sllhlilis. [manak:1, et:11. (1081.198,) 
using vector pbsmids were able to clone the structural genes for penicill:1n:lsc (,C!lP 1'1'0111 n 
fichellijofmis ATCC 9945A inro B. sunil/is and B. fic/)cITIjormi.l. Sonders, el :11. 119851 ill ::l 

pat e n tap p I i cat ion dis c los e dam e tho d w her e by g e n c sex pre S sin gpo I y pep tid e S 0 j' I III C r :: Sl COli I ,I 
be cloned in a number of industrially important Ba.cif/u.1 species including B, (lch('I1/:",nlll. 
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